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than such a zone according to what it 
CLEAN AIR believes to be practicable. Yet—and it 


There is often a substantial difference 
between the clauses of a Bill as originally 
laid before Parliament and those of the 
Act which becomes law on receiving the 
Royal Assent. Every Bill merits critical 
study to ensure that any amendments 
deemed desirable are fully discussed. The 
“Clean Air” Bill which now lies before 
the House of Commons in particular 
needs examination by industry. For its 
purpose, in effect, is to make a move 
towards realising one of the recommenda- 
tions of the Beaver Committee, which 
reads : “‘ Clean air should be the declared 
national policy . . . and an essential element 
in fuel policy in the future.”” The object 
of the Bill is to implement those recom- 
mendations of the Committee that call 
for legislative action. Under the terms of 
the Bill, therefore, the emission of dark 
smoke (shade 2 on the Ringelmann 
Chart) will be prohibited from industrial 
chimneys and new industrial furnaces 
will have to be capable of operating 
without emitting smoke and if operating 
with pulverised fuel or using large quan- 
tities of other solid fuel will have to be 
provided with grit arresting plant. In 
addition local authorities will be em- 
powered, subject to ministerial approval, 
to declare “smoke control areas” in 
which the emission of smoke from chim- 
heys will constitute an offence. So stated 
it all sounds very firm and uncompromis- 
ing. But upon examining the clauses of 
the Bill the situation is seen to be very 


different. Indeed, people who are anxious 
to see Britain’s cities cleared as soon as 
possible of palls of smoke and freed from 
the perennial risk of smog may well be 
disappointed. For following upon each 
mandatory clause there are others pro- 
viding modes of escape from penalty. A 
sound defence against an accusation of 
emitting dark smoke, for instance, is 
provided by pleas that a furnace was 
being lighted up from cold, that some 
unforeseen failure had occurred in the 
furnace, or apparatus used with it, that 
such a failure, though foreseen, could not 
be provided against, or that fuel suited to 
the furnace was not available. Moreover, 
for seven years after an appointed day 
fixed by the Minister it will be a good 
defence to plead the nature of the existing 
building or its equipment and that it had 
not been practicable to make alterations. 

In general the terms of the Bill follow 
closely the recommendations of the Beaver 
Committee. The only noticeable change 
is that no distinction is made between 
“‘ smokeless zones in which the emission 
of smoke from chimneys would be 
entirely prohibited ” and “‘ smoke control 
areas in which the use of bituminous coal 
fordomesticpurposes would be restricted.” 
Only the latter term remains. No doubt 
this simplification is reasonable enough. 
For in a smoke control area, under the 
terms of the Bill, a local authority can 
make orders amounting to the creation 
of a smokeless zone or anything less 


is a point of some importance since the 
domestic fuel user is as much involved as 
industry—the term smoke control area 
has far less appeal to the imagination 
than the more uncompromising smokeless 
zone and we shall be sorry to see the 
latter term fall out of use. The Bill 
adopts completely that recommendation 
of the Committee that a person intending 
to install a furnace may voluntarily seek a 
local authority’s approval of the installa- 
tion in advance. The suggestion that 
designs for all new furnaces should be 
compulsorily submitted for approval has 
been rejected. One clause perhaps needs 
further elucidation. It is that which 
empowers local authorities to demand the 
making of records of the operation of 
certain furnaces and to require informa- 
tion about furnaces installed and the 
fuel burned. It applies only to installa- 
tions burning pulverised fuel or capable 
of burning solid fuel at a rate of 10 tons 
per hour or more but might prove a 
nuisance to industry and unequal in its 
effects, since one authority might call for 
information that another does not think 
it worth while collecting. 

Probably the terms of the Bill are less 
mandatory than some of the more 
extreme advocates of clean air would 
like them to be. Indeed, the Act, sup- 
posing the Bill passes through 
Parliament without substantial alteration 
(as it very well may), could become 
almost a dead letter owing to the effect of 
its escape clauses. But for our part we 
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do not think a more forceful Bill could 
win acceptance or prove workable. If 
pollution of the air is ever to be prevented 
it will only be done when the public at 
large becomes convinced that it is un- 
necessary and that it can be prevented ; 
so that those very industrialists and 
people against whom the penalties in the 
Bill are directed will willingly comply with 
its terms and local authorities be encour- 
aged to act against the few backsliders by 
the conviction that public opinion sup- 
ports them. Furthermore, a perusal of 
the Beaver report indicates that legislation 
alone cannot bring about the desired 
result. About half the recommendations 
of the committee related to subjects not 
entailing legislation. It will be necessary, 
for example, to make supplies of smoke- 
less fuels more abundant, there is need for 
further research into the removal of 
sulphur from fuels (the Bill makes no 
reference whatever to sulphur and sulphur 
dioxide, serious pollutants though they 
are), local authorities will require larger 
and well-trained smoke-control staffs, 
industry should be encouraged to employ 
trained stokers, railway smoke is only 
likely to be reduced by the extension of 
electrification and soon. Vigorous action 
will be essential to implement these and 
other similar recommendations. [If it is 
not forthcoming, whether or not we have 
a Clean Air Act, we shall never have 
clean air. 


SATELLITE VEHICLES 


The announcement that the United 
States will attempt to establish temporary 
earth satellites as a part of the research 
for the International Geophysical Year 
1957-58 has naturally been received by 
members of the world’s interplanetary 
societies with great enthusiasm. But in 
addition to the great aid which the setting 
up of such a vehicle will undoubtedly 
give to atmospheric and solar physics the 
Washington announcement means that 
some important missile engineering prob- 
lems must have been overcome. The next 
generation of rockets, those in the 100 ton 
take-off weight class, seem to have passed 
their trials. To establish a satellite means 
that the instrument container must travel 
horizontally at a velocity of about 17,500 
miles an hour above the appreciable 
atmosphere, that is at an altitude between 
100 and 200 miles. For this accomplish- 
ment work must be done not only to 
accelerate the instrument section to orbital 
velocity, but also to raise it to the correct 
level in the gravitational field. For close 
earth satellites this work is somewhat 
less than that needed for escape into 
interplanetary space (about 75 per cent), 
but for more distant satellites, two or 
three earth radii out, more work has to 
be done than is needed to send a missile 
to the moon. Deep space probe rockets 
may fairly soon, however, follow the 
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successful launching of the satellite. 

To carry a few hundred pounds into 
the satellite orbit requires a rocket having 
a take-off weight of at least 100 tons 
unless the propellants can give a specific 
impulse exceeding 300 seconds. We must 
assume, therefore, that the American 
missile people have perfected either a 
method of constructing really large three- 
stage rockets or have avoided the diffi- 
culties associated with the release of 
energy from chemical propellants to give 
much higher specific impulses than have 
hitherto been thought possible. The 
former development is the more likely 
one. Work on the Hermes project of the 
General Electric Company and on the 
Convair “‘ Atlas” intercontinental ballistic 
missiles has without doubt contributed 
mainly to the satellite project. The 
Convair rocket is understood to be a two- 
or three-stage rocket projectile which has 
an all-burnt speed of about 10,000 miles 
an hour. It has a range of 5000 miles and 
follows a ballistic trajectory which takes 
it to a peak altitude of some 800 miles. 
The warhead can be atomic, and because 
of the dispersal of such missiles at extreme 
ranges, it is likely that the design will call 
for the use of fusion rather than fission 
explosives in the warhead so as to give 
a greater area of devastation. If this is so 
the “‘ Atlas” should accordingly be cap- 
able of carrying quite an appreciable 
payload as a military vehicle. A recent 
statement by Trevor Gardner, U.S. Air 
Force Secretary, described the “ Atlas” 
as being “launched by rocket motors 
developing thousands of tons of thrust 
and millions of horsepower within 
seconds.” This must be regarded as 
applying to the total impulse and not the 
instantaneous thrust of the rocket motor, 
otherwise we should be talking of moon- 
ships rather than unmanned satellites ! 
But the “ Atlas” can still carry a decent 
payload to an all-burnt velocity of 10,000 
miles an hour. This speed might be 
increased slightly if the trajectory was 
more curved so that less work would be 
done in lifting the dead weight of empty 
propellant tanks and unburnt propellant 
through the gravitational potential. The 
gain would be only slight so that the 
greater problem will still remain. This 
is the development of a high-performance 
final stage which, necessarily small in 
size, must still have a highly efficient 
rocket motor and a good mass ratio (both 
difficult to obtain in small rockets) so that 
it can accelerate its payload of a few 
hundred pounds of instruments through 
a further velocity increase of 7500 miles 
an hour. It seems from the reports issued 
that part of the problem has been avoided 
by making the instrumented satellite 
in the form of a small sphere, probably 
constructed with its components mounted 
in plastic fillers so that the whole is bonded 
as a solid of great mechanical strength 
and is able to resist high accelerations. 
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A final stage for the establishment of the 
satellite might then be the use of the 
third high-performance rocket as a mortar 
and explosively to fling the spherical 
satellite to its final velocity in the right 
direction. 

In astronautical thought this arrange- 
ment would have been considered jm. 
possible a few years back because of the 
difficulty of ensuring an adequate power 
supply for the transmission of data back 
to earth. Some kind of large solar mirror 
was envisaged and to operate vacuum- 
tube telemetering gear the closed cycle 
turbine power source needed a very 
large unwieldy solar mirror. The use of 
transistors for power supplies and tele- 
metry transmitter circuits, together with 
the development of semi-conductors for 
the production of electrical energy directly 
from the solar radiation without the mec- 
hanical difficulties associated with an 
intermediate heat engine, has completely 
changed the picture. A self-contained 
satellite of one or two feet in diameter 
can pack both power generator, instru- 
ments and telemetering transmitter to 
operate effectively for geophysical studies. 
The first satellite, no doubt, will measure 
cosmic ray primary flux at varying 
geomagnetic latitudes, it will give synoptic 
data on radiation intensity at certain 
important wavelengths of the solar spec- 
trum such as that at hydrogen Lyman 
alpha, and it will make measurements 
of the changes in the earth’s magnetic 
field resulting from solar storms. Because 
of the satellite’s rapid motion over the 
earth’s surface, one complete revolution 
in about 90 minutes, it will gather an 
amount of data only otherwise obtainable 
by the firing of an impossibly great 
multitude of high-altitude rockets. 
Although it may seem an extravagance 
to spend millions of dollars on putting an 
object the size of a football to circle the 
earth, one must. realise that a large 
amount of money has already been spent 
in the development of the preliminary 


rocket vehicles needed for national defence 


and which now make possible the satellite 
project. Space-flight is starting from 
military work, but it is gratifying that the 
American Government has given it an 
unrestricted classification. While we may 
not—and perhaps wisely so—have 
releases on the rocket vehicle which will 
carry the satellite to its orbit, scientists 
everywhere are to have the opportunity of 
knowing when the satellite will be estab- 
lished, over which parts of the earth it 
will travel, and how its data may be freely 
collected and analysed. If the . Soviet 
Government follows this commendable 
lead when its satellite vehicle is established 
and the transmissions are made available 
to western scientists, we may find that co- 
operation between East and West will 
progress even faster beyond the national 
barriers out in space than it has been 
doing here on earth. 
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trade with Egypt, the Sudan and Ethiopia 

Last February, a trade mission from the 
United Kingdom, which was led by Mr. 
G. C. R. Eley, visited Egypt, the Sudan and 


Ethiopia. The mission was asked by the 
President of the Board of Trade to study the 
requirements of those countries, to report 
on ways in which British industry and com- 
merce could assist in their development, and 
to indicate the opportunities open to the 
United Kingdom to expand trade with them. 
The Board of Trade has now published the 
report prepared by the mission. Therein, 
the belief is expressed that the countries 
visited offer interesting markets for the 
British manufacturer or professional tech- 
nician with varying, though considerable, 
possibilities. The report says that this 
country’s competitors see, in the shifting 
political scene, opportunities to oust the 
United Kingdom from its traditional place 
as the major supplier to both Egypt and the 
Sudan, while Ethiopia is an open market in 
which British goods have yet to win special 
recognition. But the mission felt convinced 
that if United Kingdom exporters are willing 
to devote a little extra effort and thought 
to the changing requirements of the three 
countries, there is good opportunity for 
maintaining a satisfactory volume of business 
with them. Among other matters, the report 
contains brief reviews of the general economic 
background in each of the three countries, 
of their import and export trade, and of their 
budgetary and foreign exchange positions. 
There are particulars of agricultural develop- 
ments and the growth of local industries, 
notes on plans for improving basic services, 
and indications of the scope for consultants 
and building and civil engineering con- 
tractors. Since their return, the members 
of the mission have discussed their findings 
with the principal trade associations and 
other interested bodies in this country, the 
purpose of these discussions being to stimu- 
late closer attention to the markets of the 
three countries. 


Human Problems of Industrial Communities 


AN “ outline programme ” has now been 
published of H.R.H. the Duke of Edinburgh’s 
Study Conference on the Human Problems 
of Industrial Communities within the 
Commonwealth and Empire. The conférence 
is to be held at Oxford from July 9 to 27, 
1956. The organisation of it has resulted 
from a meeting held last year to which fifty 
industrialists and trade unionists were invited 
in their individual capacities in order to 
advise the Duke of Edinburgh about a 
suggestion to hold a study conference dealing 
with the human problems of industrial 
communities. His Royal Highness is the 
president of the conference council and Sir 
Harold Hartley is the chairman. Various 
committees have been at work for some 
months past, and Mr. John Marsh, director 
of the Industrial Welfare Society, is the 
honorary administrator. It is stated that 
the conference will be attended by 280 
members, ninety of whom will come from the 
United Kingdom, approximately 135 from 
the other countries of the Commonwealth, 
and fifty-five from the Colonial territories. 
The aim of the conference is to conduct a 
practical study of the human aspects of 
industrialisation, and in particular those 
factors which make for satisfaction, efficiency 





and understanding, both inside industrial 
organisations and in the everyday relations 
between industry and the community around 
it. The conference will not deal with matters 
which come within the normal scope of 
industrial negotiation. The work of the 
conference will be based on documents 
circulated prior to the opening, plenary 
meetings, study group discussions and the 
experience of the study tours which are 
being arranged. The preliminary programme 
indicates that H.R.H. the Duke of Edinburgh 
will give the opening address at the conference 
on Monday, July 9, 1956, in the Sheldonian 
Theatre, Oxford. 


Authorisation of Road Schemes — 


ON Wednesday, July 27th, Mr. Boyd- 
Carpenter, the Minister of Transport and 
Civil Aviation, was asked in the House of 
Commons if he would make a further state- 
ment about the Government’s road pro- 
gramme. The Minister referred to his state- 
ment of February 2nd last, in which details 
were given of trunk road schemes costing 
more than £500,000 which it was proposed 
to authorise in the period 1956-59. He had 
now circulated in the official report, Mr. 
Boyd-Carpenter went on, a list of schemes 
costing less than £500,000, but more than 
£100,000 which it was proposed to authorise 
in the same period. It was not yet possible 
to make a similar statement about classified 
roads, he added. The list comprises forty- 
eight schemes in England and Wales, and 
eleven in Scotland. 


Anhydrite Mine in Cumberland 

A NEW anhydrite mine was opened recently 
at Sandwith, near Whitehaven, on the Cum- 
berland coast, on a site which is believed to 
contain one of the richest and largest seams 
of anhydrite in Britain. This scheme origi- 
nated from the discovery of deposits of 
anhydrite near the Whitehaven factory of 
Marchon Products, Ltd., as a result of which 
this firm of chemical manufacturers decided 
to build a sulphuric acid and cement plant 
using the mined anhydrite as the raw 
material. For this purpose a new company, 
Solway Chemicals, Ltd., was formed. The 
mine is designed to produce 7000 tons of 
anhydrite every five-day week at eight hours 
a day, and when the plant is in full operation 
at the end of the year, it is estimated that at 
least 90,000 tons of sulphuric acid, and a 
similar quantity of cement, will be manu- 
factured annually. The pillar and stall 
method of extracting is used, only 60 per 
cent of the mineral being taken, the remaining 
40 per cent being left as pillars to ensure that 
there shall be no disturbance of the surface 
above the workings. The face is drilled in a 
fixed pattern by electric rotary drills sup- 
ported on a specially designed tracked 
carriage, and the holes are charged with 
explosive and fired by millisecond delayed 
detonators. Each blast produces about 100 
tons of anhydrite, which is loaded out by 
track-mounted electric “‘Eimco” shovels 
into a new form of Muir-Hill diesel-driven 
dumper. The dumpers tip the anhydrite 
into hoppers formed in the rock underground 
and feeders carry it from the hoppers on to 
the conveyor belt, which discharges directly 
into the screening and crushing system on the 
surface. The mine is already producing 
about 4000 tons a week. The power supplies 
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to the electrical equipment of the mine 
involved the installation of nearly 5000 yards 
of 660V and 3300V cable to supply the 
conveyor heads and transformers, and 1200 
yards of 660V cable for supply and lighting in 
the brake house which controls the movement 
of railway wagons to and from the mine. 
The electric rotary drills, mounted on tracked 
carriages, are supplied with current by 1050 
yards of 91/0-018in trailing cable. These 
cables and the hard-drawn cadmium-copper 
wire for signalling in the mine, were supplied 
by British Insulated Callender’s Cables, Ltd. 


Institution of Public Health Engineers 


THE Institution of Sanitary Engineers 
has changed its name, and will henceforth 
be known as the Institution of Public Health 
Engineers. Early in 1953 the council of 
management of the Institution accepted the 
fact that there was a growing feeling amongst 
the members that the Institution’s name was 
no longer representative. It had already 
became apparent that the word “ sanitary,” 
as popularly understood, had not the con- 
notation it had in the early nineteen hundreds 
and thus it actually misrepresented the work 
of the bulk of its members and the scope of 
the Institution’s activities. In June of that 
year a letter was sent to all members outlining 
the council’s proposals to seek permission 
to change the name of the Institution, and the 
response was such that the council was 
confirmed in its proposal and took appro- 
priate action to effect the change. The 
change of name has given the council 
the opportunity to make a few further 
modifications to the articles and to the 
by-laws which the last five years of activity 
have shown to be desirable. The original 
Institute of Sanitary Engineers was founded 
sixty years ago ; there was an earlier organisa- 
tion of which it was a successor, but only a 
few records are left of this first organisation, 
which do not include its name. In 1916 
a certificate of incorporation was issued to 
the Institution of Sanitary Engineers, as 
it then became, a title retained until July 
of this year. Provision has been made for 
present members of the Institution to retain 
the abbreviated designation ‘“I.San.E ” 
with their appropriate grade, instead of the 
new “ I.P.H.E.” if they prefer to do so. 


Sir Arnold Hall 


THE managing director of the Hawker 
Siddeley Group, Sir Frank Spriggs, has 
announced that Sir Arnold Hall, F.R.S., at 
present director of the Royal Aircraft 
Establishment, Farnborough, is to join the 
board of the Group as technical director at 
the beginning of November next. Sir 
Arnold, who was born in Liverpool in 1915, 
was educated at Alsop High School, Liver- 
pool, and Clare College, Cambridge. He 
took Mechanical Sciences Tripos at Cam- 
bridge, and received a first class honours 
B.A. with distinctions in aeronautics, heat 
engines, applied mechanics, and theory of 
structures. He joined the Royal Aircraft 
Establishment as a scientific officer in 1938 
and during the war was engaged on wind 
tunnel work and on the development of 
bomb and gun sights. In 1945, when a 
principal scientific officer, he left Farn- 
borough and went to the University of 
London as Zaharoff Professor of Aviation 
and head of the Department of Aeronautics 
at the Imperial College of Science and Tech- 
nology. Four years ago he returned to the 
R.A.E. and since then much of his work has 
been in connection with guided missiles. 
He directed the research into the “‘ Comet ” 
disasters. 
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Some Physical Aspects of Lubrication 
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in Rolling Bearings and Gears’ 


ByJW. LEWICKI, M.Sc. 
No. I 


The author’s hydroelastic lubrication theory (Lewicki, 1954) is checked by experi- 
ment. A very good agreement is found, over the whole range of rolling velocity 
and Hertzian stress so far covered. The film thickness (order 10-‘cm) is deduced 
by computation from the measured mutual inductive capacitance of the bounding 
surfaces, while in motion under load. A low-voltage radio-frequency signal is used, 
in conjunction with a fast cathode-ray oscillograph and a resonance circuit tuned 
to a harmonic. In the course of preparatory experiments several new phenomena 
have been observed. Coupled together with other clues found or known before, 
these rather unexpected new phenomena have led to the formulation of a set of 
distinctive properties of these films, and to a better general understanding of this 
mode of lubrication. It is found that the effective film viscosity (on the constant 
viscosity principle) is related directly to the temperature of the bounding surfaces by 


its usual temperature-viscosity relation ; 


so far it appears unrelated at all to the 


Hertzian stress or lubricant bath temperature. It is found that the fluid films in 
question have no driving power whatsoever—that is to say, a freely rolling element 
under load tends to slide extensively in preference to rolling. This is due to the 
fundamental mechanism of film-forming action ; the sliding is spontaneous and 
unavoidable unless it is externally checked. It is also found that unless this 
spontaneous sliding is checked the film is not only much thinner, but also subject 
to a disturbance, which is not as yet well understood. Much the same happens if 
atmospheric air is allowed to enter the Hertzian zone in the form of minute bubbles. 
The tendency to form such bubbles is more or less universal to all liquids and no 
means could be found to check it, except by a complete immersion including the 


surroundings. 


The mere delivery of enough lubricant to build up the film (a 


minute amount) is found problematic even at quite moderate operating velocities 
(1m per second) when there is some air around, a distinct problem from that of the 
air bubbles. 


HE present article surveys the writer’s 

recent theoretical and experimental work 
on the rolling-contact mode of lubrication, 
on the basis of the theoretical paper cited 
in the summary. The object of this work 
was to measure the film thickness ; it has 
been done during the last three years at the 
physics department of Birkbeck College, 
London University, under Dr. R. Furth’s 
supervision, with the apparatus provided by 
the College and the lubrication division, 
M.E.R.O., D.S.LR. 

The prevailing view at present is that the 
rolling mode of action does not admit of 
an organised fluid layer in the Hertzian 
zone, except perhaps for exceedingly light 
loads. It is commonly believed that if there 
is a measurable separation between the 
bounding surfaces, under a heavy load it is 
of molecular order only and no more. This 
view forms the basis of boundary lubrication 
theories. 

It is claimed by the present writer that the 
body of experimental evidence on which this 
view is based is inconclusive. The fact that 
an organised fluid layer has never been 
detected in direct experiments with toothed 
gears or rolling bearings is due either to 
inadequate techniques used to measure its 
thickness (e.g. by the ohmic resistance across 
the gap) or to the fact that an extensive 
sliding, developed spontaneously, was not 
noticed and not stopped in any way (e.g. 
the Pametrada two-crossed-discs machine). 

Apart from these two there are other 
major sources of error, commonly over- 
looked. For instance, there is the atmo- 
spheric air interference. The numerous 
highly compressible bubbles, suddenly pres- 
surised to, say, 10,000 atmospheres, evolve 
a good deal of heat and offset the assumed film 
viscosity as well as the continuity of flow. 
There is also the repelling action on the 





= This article is a copy, with some minor additions, of the 
author’s thesis approved for the award of the Degree in 


Physics by the University of London. The University has also 
given permission for publication. 

+ Department of Chemical Engineering and Applied Chemistry, 
— College of Science and Technology, University of 
London, : 





lubricant supplied by the “inverse” air 
films, forming over the liquid surfaces. 
Under the lubricant droplets, wedges of air 
build up and cause the droplets to slide, so 
that they may not reach the body of the main 
film at all. 

Yet another source of inconclusiveness 
lies in presenting experimental data without 
any reference to the temperature the 
rolling elements acquire in action; it 
can be much (e.g. 100 deg. Cent.) above the 
temperature prevailing in the surroundings. 
It is precisely this temperature which governs 
film viscosity, and not at all the lubricant 
store temperature. 

However, there is an ample indirect 
evidence to the effect that thicker-than- 
molecular films do occur, even under the 
conditions of an extreme surface stress. 
For instance, Bowden and Tabor (1950), 
in their experiments with steel balls falling 
on a metallic surface, claim that a short 
circuit between the ball and the surface 
never occurs if some viscious fluid is put on 
the flat surface. 

An important body of positive evidence 
are all those experiments or practical cases 
involving a sliding action where there is an 
established no-surface-wear condition, while 
the surface asperities (original machining 
marks, &c.) are obviously multi-molecular 
in height. It will suffice to mention in this 
connection the numerous known cases of 
long-lived gears. 


FILM THICKNESS 


The analyses of the present article are 
concerned with a fully developed (i.e. 
unobstructed) ideal fluid film—that is to say, 
a film between ideally smooth and true 
bounding surfaces whose elastic body pro- 
perties are in accordance with the Hertzian 
postulates, for an ideal non-compressible 
fluid whose viscosity is independent of 
temperature, pressure and shear rate. It is 
postulated that there are no air bubbles, &c., 
and generally no other physical effects 
except the Newtonian inter-layer friction. 
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Consider two solid metallic cylinde; 
totally immersed in the lubricant, pregseq 
together externally and rotating against on, 
another without sliding, as shown in Fig. | 

Note in Fig. 1 the general aspect of the 
stream-lines in the inflow region. This 


‘ region is to the right of the elastically “ fig. 


tened-out ” region called the Hertzian zone, 


Cavitation 





In 
ota tt 
Hertzian 
Zone 


Fig. 1 


if the rotation (velocity U) is as shown in the 
figure. 

Assume one-dimensional flow and the 
inflow region extended to infinity. In fact, 
its portion which is physically significant 
is within, say, 5 deg. to 10 deg. from the axis 
of centres, the angular distance referring to 
the centre of the smaller cylinder between 
the two. The size of the Hertzian zone is 
usually well within 3 deg. included angle. 

Assume that the elastic deformation of 
the bounding surfaces is confined to the 
Hertzian zone and that the deformed portions 
are flat, as shown in Fig. 2. Finally, assume 


Cavitation 








Fig. 2 


that there is a state of stable equilibrium, in 
accordance with the theoretical paper cited. 

On the basis of the hydroelastic and alge- 
braic approximations of that paper, the 
state of the fluid within the film is expressed 
in terms of the variable x and the three para- 
meters «, S, H, such that 


Kb? Kb* 
hy=7S ; h=G—py# (1) 
where K, called somewhat loosely ‘‘ the mean 
curvature,” is defined by 


2K=1/R,+1/R, . (2) 


where 2K is the algebraic relative curvature 
and R,, R, are the cylindrical radii of the 
two bounding surfaces. The parameter « 
is called “‘ the film ratio” (the term coined 
originally by Mr. J. A. Cole) and is defined by 


“%=h,/h, . (3) 


It is thought to be a near-constant at 
«=2-618 for thin films, say, when S—~—1. 
The case S=0 is that of tangent ideal circles 
and S=—1 corresponds to a nil separation 
or vanishingly thin film, as in a dry Hertzian 
contact. From Fig. 2, 


c 


= =(2— 1) = KOH ; (4) 


e= 


NI by 


b b 
Ky2 —e=5(1 7): xa= 514 H) (5) 


For the film thickness beyond the flats, in 
general 


h=hy+ Kx? (6) 
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so that 


b* 
h=“tS+( —H)} . (7) 
On substituting for h, from (1) each of the 
three parameters is seen to be expressible 
in terms of two others, e.g. 


4H 7" 
S=7—7--#) = 


1 1\* 
wat {E) ~(+5) . ® 


the positive root for H being rejected on 
physical grounds. Namely, one can see 
q priori that the continuity of flow in the 
outflow region (to the left of the flats in 
Fig. 1) demands e<b/2, or H<l. For 
2=2'618, H=1 at S=2-472 ; it follows that 
for higher values of S the relations (8) cannot 
be satisfied unless the postulate of the con- 
sant film ratio is abandoned, so that there 
should be a—>1 when S->+oo. The transition 
between a=const. and «-diminishing is, of 
course, not likely to take place abruptly, but 
in a smooth manner, so that the trend of a 
diminishing « with increasing S can be 
expected to begin long before S=2-472 is 
reached. 

As to the limiting value of H, the general 
trend is that H increases with S. It would 
appear from the above that H->1 as So. 
Hence, the right approximation for thick 
films would he, by (8), 





a=1+5, when S>2-472, (9) 
whose validity is confirmed by experiment 
(see further text). 

From the paper cited in the summary it 
follows that the maximum pressure within the 


Hertzian zone 
_ [| 12@a—1F 
where Q= (@—1 1\4a+1) 


_Ci* nUb 
(10) 


4h,’ 
where 7 is the lubricant viscosity ; the load 
carried by the flats, per unit length of their 
axis, 


N= cau(z) ; 


. 3 
Cp i — 


P 


(a—1)(7a-+1) 
4a(a+1) } (tt) 


where Jn denotes the natural logarithm. 
Finally, the minimum film thickness, 


Ud— 
nc, [ee —: 


where E is the Young’s modulus and o is the 
Poisson’s ratio. 

The object of the present investigation is to 
check the validity of (12) and see what error 
- ‘an with respect to measured values 
of h,. 


(12) 


OxumIC RESISTANCE METHOD 


This was one of the earlier methods used in 
the writer’s work, recorded here merely for 
its theoretical interest. When applied indis- 
criminately it yields film thicknesses of the 
order 10 to 10® times less than what is 
believed to be their true value. However, 
it can be put to use in conjunction with other 
methods and in future investigations it may 
prove to be a powerful tool with which to 
further insight into this mode of lubrication. 

A low-voltage d.c. potential is applied 
across the gap between the rolling elements 
in motion under load and the resulting d.c. 
is measured. Hence is obtained the d.c. 
ohmic resistance across the gap, to be com- 
pared with its value calculated from funda- 
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mental relations, established with the help 
of the idealising assumptions of Fig. 2. 

The d.c. conductance of the Hertzian zone, 
per unit length of the axis, 


Gx. i 1. tee... d 
m= | Fh 9 @—D hy 


where ¢ is the resistivity of the lubricant. 
The ratic b/h, can be taken directly from (11), 
if the specific load is high and the parameter 
S close to —1. 

To extend the theory into the domain of 
moderate loads, the effect of any residual 
loads carried should be considered. Namely, 
it can be taken that the overall load carried is 
Ni 
N° 
and N; is the load per unit length of the axis 
carried by the inflow zone, namely, 


«o 


w= [de where p meas ‘ 


*s 





(13) 


No=(1+D)N, where D= (14) 





(15) 


Hence, by (11), 
pi | __& _ 
~ Cab | (ho + Kx*)® 
8H? 
== 19°C, +H When S=0, 
=(a—1°C,8) Vs *" \i+A 
(«—1)(1+H) 
a 2«H 





} when S>0, . (16) 


___ 6H? 
~ (a—1PC,(— S$) 


ee 
"ee, +(TeH) 


“wo (5) 
~\I+H 


(«—1)(1+H) 
2aH 





when S<0. 


For slight loads it may also be necessary 
to include the load carried by the outflow 
zone. In the foregoing it is taken that 
p=0 at x=x,, while in reality p=0 at x=d 
on Fig. 2, where h=A, marks the beginning 
of the cavitation region. It can be under- 
stood a priori that the continuity of flow 
implies the condition, 
42+1 
2(a+1) 
where A/,, is the film thickness within the 


Hertzian zone at the point of maximum 
pressure, where there is no flow relative to 


hs=hy= Wire ia dst ee 





the surfaces, just as at h=h,. From (6) we 
have hs=h,+Kd?, hence 
ont pt —ay . . (18) 


It is seen that when H->0, (d—x,)->0, i.e. at 
relatively heavy loads the cavitation tends to 
begin just about at the edge of the Hertzian 
zone. This correction is not introduced here 
mainly in order to avoid complicating (11) and 
the assumed equilibrium value of «. 
Returning now to the question of conduct- 
ance, the contribution of the Hertzian zone 


is, by (11), (13), (14), 


Inc. 1 [No 
M,= ————.— /No 
: CVE Tiel wo 


the first term being a numerical coefficient 
and the rest containing only measurable 





(19) 
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quantities. A method of determining the 
coefficient is given in the next paragraph. 
The overall conductance is 


M=(1+A;+ Ao)Mj, where A= Ao= 9 
h 


(20) 


where Mj, My denote the contribution of the 
inflow and outflow zones. We have, by 


(1), (13), 


1 | dx 2H 
A; TAR: = (1+) Ina when S=0, 


x; 





2H VS 
se ete = ype 
win. tan (~ ) when S>0, 
=- = (TH) when S<0O 
V —S Ina / —§ ‘ 


(a 
. 21) 


d 
1 | dx 2Hys 1 b 
=i [S-4l (Aaah when S=0, 


4 


— . _f{ V8 _[oVvs 
“-V Sina tan 7) —tan (Z) 


when S>0, 


/—s =F 
= oi Ri od \+ T=) 
V—SIn« (= Re, 


EN 











when S<0. (22) 
Hence, finally, 


_ A+ Ag+ Agina 1 
(a—1)V C1 + D) P 





No 
| rig mhos/cm (23) 


Other quantities required are, from (11), 
(14), 


b 1 Ne 





hy VC(A+D)\ 4U ain 
from (10), (11),7(12), (14), 
— KEN, . (25) 


1—c? 


P= WCAIFD) 
from (10), (12), (25), 
4d —o*)P Cy /e —o*)N, 


KE VC,i+D)"% KE 
(26) 


b 








the first relation (26) being Hertzian. 


DETERMINATION OF PARAMETERS 
Define a function B, such that 


K(1—o*) 
Banu oe @7 


containing only the quantities which are 


directly measurable, under some specified 
conditions of the experimental set-up. Now, 
by (1), (11), (12), (14), 


(a—1)(1+ D)C, 
B= HC, ‘ (28) 

From (27) the velocity U for a given load 
Ng, or vice versa, can be found for any 
desired combination of the parameter values, 
by (28), (8). Eliminating one of the para- 
meters by putting, for instance, a=const. 
or H=const., or by some other physical or 
empirical inter-relation, makes it possible to 
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eliminate the two others, by plotting the 
function (28) against the coefficient (23). 


INDUCTIVE-CAPACITANCE METHOD 


The two cylinders are treated as a capaci- 
tor, with its dielectric provided by the 
lubricant film. The capacitance is measured 
while running under load. For the present 
analysis the method by which the measure- 
ment of the capacitance is made is immaterial, 
provided that the signal voltage across the 
gap is sufficiently low to avoid sparking and 
the signal frequency sufficiently large to 
make the capacitive reactance a small quan- 
tity compared with the d.c. ohmic resistance 
of the film. In other words, the set-up must 
be that of a perfect capacitor. 

The inductive capacitance of the Hertzian 
zone, per unit length of its axis, can be 
assumed to be 


Xs 


pF/cm . (29) 


where pu is the permittivity (dielectric constant) 
of the lubricant, which is assumed constant, 
that is to say, independent of pressure, 
temperature, shear-rate, &c., IpF=10-™ 
farads 


The validity of (29) can be inferred by 
extension from the fact that it applies also 
to the curved portions of the cylinders 
adjacent to the flat, except for the limits of 
integration, and this in its turn can be 
inferred from the exact solution for undis- 
torted parallel cylinders which is given 
hereunder, whose integral form evidently 
becomes that of (29) as a limiting case when 
the separation between the cylinders is a 
small quantity with respect to the radii of 
curvature, or mere strictly, with respect to 
the smaller radius between the two. 

Note that equation (29) is analogous to 
(13). Obviously, the similarity extends 
throughout the analysis, except that in the 
present case the cavitation region is not idle 
but contributes to the overall capacitance. 
This contribution can be treated as an 
additional term in an expression analogous 
to (20). Denoting this term by A., we have 


Ce 1 dx 
Ac= Gora ait ™ 
d 


where =(h;/u;) is the electrostatic thickness of 
the composite dielectric, corresponding to 
(h/u) in (29). The cavitation in effect severs 
the film in two layers whose combined thick- 
ness can be regarded as constant, =A;, 
extending to infinity. 

The thickness of the intervening air space 
(or vacuum) being h—hg, and its permittivity 
u=l, 

Bhie)—h—(1—=h ‘ (31) 
whose last term is evidently a constant with 
respect to x. Hence, it becomes, by (6), 


1 2 -: 1 
Eylai)= het Kx*, where h,=hy—(I — Nha 
(32) 


Introduce the effective or reduced para- 
meter 


_4 
S.= Fphe (33) 


which is analogous to S. 


(1), (17), 


¥. s—2H(1-1 


It becomes, by 


ett 


at—] ° 


(34) 
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the expression (30) gives 
po bH 
°F GeCy | het Re pdina WbOD S=0, 
d 


A 





2H 
=v Suna tan- (3) when $,>0, 


bv —S, 
hk: 3a 


bv —S, 
2d 


= 4 In 
uV — Sina 





when S,<0. 


(35) 


Finally, the overall film capacitance, per unit 
length of the axis, by (20), (13), (19), is 


Ct Act Art Ao No 
3-6n(a—1)V Cl + Dy A) 7 
ee ae 


The bracketed factor of (36) being a function 
of the parameters only is reducible to a 
numerical constant, to be found with the 
help of (27) and (28). As before, to start 
with the quantity B is computed from (28) 
for a given combination of the parameters, 
by (8), &c. Then, the velocity or load 
required to bring about this value of B is 
found from (27). The parameters can be 
eliminated as in paragraph 5, by plotting 
the function (28) against the coefficient of 
(36). 


C= 





RESIDUAL CAPACITANCE 


The observed capacitance evidently in- 
cludes C by (36) as well as all stray capaci- 
tances between the supporting parts, &c., 
which may be in electric contact with the 
respective surfaces. For plain cylinders (as 
opposed to the type of surfaces as in toothed 
gears) the bulk of these spurious capacitances 
can be made into a constant, by an appro- 
priate design of the cylinders. In our case 
the radius of curvature is constant and there 
are no discontinuities on the circumference. 
Moreover, the displacement of the bulk from 
a slight to full load is quite small and there is 
no likelihood of vibrations or irregular 
elastic deformations (as with gear teeth). 

Assuming that the spurious capacitances, 
denoted by C;, are a constant, we have 


C,= Co— C; (37) 
where C, is the measured capacitance when 


rollers are held stationary at a small preset 
distance, and C; is the computed value of C 


for the cylinders not distorted elastically at 


this distance apart, say fy. We have, from 
Fig. 1, 


(38) 





+00 
a AR 
cst acti ove Pm - 


(per unit length of the axis). 

It may be interesting to compare (38) with 
an exact solution, obtained by the methods 
of complex variable. From Handbuch Der 
Physik, Vol. XII, page 471 (ed. 1927), 
the mutual capacitance of two parallel and 
infinitely long circular cylinders at any 
distance hy apart, in electrostatic units CGS 
per unit length of the axis, is 

i=? cos hk Z=2In(Z+V Z*—1) 


where hy 
Z=1+Kh(2+e 7p) 


It is easy to show that equation (39) 
reduces to (38) when Ki’y—>0, hence also 


(39) 


(40) 
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ho/(R,+R,)—>0. At small values of 
(38) agrees with (39) surprisingly well, as it 
can be seen from Table I. 


TABLE I—Comparison of the Exact Expression for 
Capacitance by (39) with the Approximate Soli. 
tion (38). 

This ratio has a bearing on various othe 
applications of the integral of the type (38) in 
this article. The range of Kho involved is usual), 
that of the lowest line. 





Ratio (Cs»/Cs) 





0-01 
0-001 








—— 


Quite apart from the question of agree. 
ment between (38) and (39) the preset distance 
hy should be as small as possible, if C, is to 
remain unaffected by the displacement. 4 
good method of presetting is to contact the 
cylinders lightly through a piece of, say, 
0-4mm celluloid sheet, whose thickness 
(Ag) and permittivity (u’) are known. The 
electrostatic path is. then 

Kx* 


h 
Dhl) == P=. 


rm (41) 


Hence 
+x 
u dx 


1 [up 
“3-6 RELL ale 
Entiat ON Kho 


“= 


C, 


(42) 
(To be continued) 





Oil and the Balance of Energy 


IN an article in the summer issue of the Esso 
Magazine the possible future energy demands of 
this country are considered. Coal is no longer 
cheap and the quantity mined does not meet 
current demand, the present pattern of energy 
demand being 86 per cent coal and 14 per cent 
oil, represented by 215 million tons of coal and 
of oil equivalent to 35,000,000 tons of coal, to give 
a total of energy consumed of 250 million tons of 
coal equivalent. Varied estimates have been 
given of the growth of industrial production 
over the next decade and based on an average of 
3 per cent it has been calculated that the energy 
needs in 1964 will be equal to 295 millions of 
coal equivalent. During this period the coal 
industry is expected to raise its annual production 
to 250 million tons, which can be written down 
to 235 million tons to allow for export require- 
ments. However, nuclear power stations now 
building and projected should be generating 
electrical power at a rate equivalent of 5,000,000 
tons of coal per annum, so that the balance of 
energy which oil will be required to meet amounts 
to 55,000,000 tons of coal equivalent. The con- 
tribution of other sources of energy have been 
omitted, since hydro-electric power is of small 
amount and natural gas, although the search 
goes on, has not as yet been discovered in 
significant quantities. In the pattern of energy 
demand for 1964 coal sources will have fallen 
to just under 80 per cent, and while oil will have 
increased to nearly 19 per cent, the balance being 
represented by nuclear power. This is a general- 
ised overall assessment which must await upon 
events and be adjusted to meet developments 
such as diesel locomotive power for the railways 
and oil-fired power stations. 

Looking further ahead to 1980 and taking into 
consideration the possibility of doubling the 
standard of living by that date, the article puts 
our energy requirement at 500 million tons of 
coal equivalent. Presuming that coal production 
will not increase beyond 250 million tons per 
annum and that nuclear power will produce the 
equivalent of 50,000,000 tons of coal, then the 
share of oil will be 200 million tons of coal equi- 
valent, a figure which indicates the order of 
magnitude of the target for the oil industry. 
Such a figure is not an impossibility in view 
of the fact that since 1950 the demand for 
petroleum has been growing at the rate of 7°5 
per cent compound each year. 
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Joint Metallurgical Societies’ Meeting 
in Europe 


No. I—MEETINGS IN GERMANY 


Early in June the Iron and Steel Institute and the Institute of Metals organised 
a Joint Metallurgical Societies’ Meeting-in Europe which was attended by 
representatives from this country, Belgium, France, Germany and Sweden, and 
attracted across the Atlantic a large number of Canadians and Americans. Our 
American Editor attended the meeting and we arranged that he should report 
upon that part of its proceedings which took place on the Continent, in the belief 
that it would interest readers here—and on the Continent—to learn what, in 
particular, would attract the attention of one familiar with American practice. 


MEETING of representatives from the 

leading metallurgical societies in the 
United Kingdom, the U.S.A., Belgium, 
France, Germany and Sweden, opened in 
London on Wednesday, June Ist. The 
organisation for that part of the meeting 
which was held in this country had been the 
responsibility of the Iron and Steel Institute 
and the Institute of Metals. When the 
sessions in this country ended on June 7th, 
the delegates proceeded to the Continent, 
where the meeting continued in Germany, 
Belgium and France until June 18th. The 
objects of this joint meeting were to estab- 
lish personal contacts between experts in 
Canada and the U.S.A. and in Europe, to 
provide opportunities for scientific and tech- 
nical discussion, to enable visitors from 
Canada and the U.S.A. to see something 
of Europe’s metallurgical industries, and to 
foster better understanding and co-operation 
among all those concerned. 

At the conclusion of the tours to the various 
centres of metallurgical industry in this 
country, delegates returned to London and 
then travelled to Diisseldorf via Dover- 
Ostend on Wednesday, June 8th. The rail 
strike once more interfered—making it 
necessary for the party to travel to Dover 
by coach rather than by boat train. While 
this unexpected mode of travel provided a 
more or less welcome opportunity for the 
foreign visitors to view the English country- 
side, the American delegates, in particular, 
were not very favourably impressed by the 
leisurely speed forced upon motor coach 
travellers due to the present state of British 
highways ! 


OFFICIAL RECEPTIONS 


The second part of the Joint Metallurgical 
Societies’ Meeting was held in Germany 
from June 9th to 13th and was the joint 
responsibility of the Verein Deutscher 
Eisenhiittenleute and the Deutsche Gesell- 
schaft ftir Méetallkunde. The opening 
session was held on Thursday morning, 
June 9th, at the Residenz Theater in Diissel- 
dorf, with speeches of welcome being 
delivered by Professor Dr. H. Schenck and 
Professorf Dr. P. Brenner, presidents of the 
respective sponsoring German institutions. 
In the afternoon several papers were pre- 
sented at the Eisenhiitten-Haus and the 
Industrie-Club in Diisseldorf, including an 
important lecture on the Krupp-Renn ore 
reduction process by Dr. D. Fastje, with 
which we deal in some detail below. In the 
evening there was a reception for the 
delegates at the historic rococo Castle 
Benrath, by invitation of the Lord Mayor 
of Diisseldorf. 


THE KRupp-RENN PROCESS 


The Krupp-Renn process of iron ore 
reduction is perhaps best known on account 
of its application at the wartime Hermann 
Goering works at Watenstedt which have 
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the carbon present in the fuel. The carbon 
monoxide generated inside the charge by 
this reaction burns in the free space above and 
thus supplies enough heat for reduction to 
proceed continuously. In the final zone of 
the furnace, in which the temperature is 
raised to about 1250 deg. to 1300 deg. Cent. by 
a pulverised coal or oil flame, there occurs 
a welding of the finely divided iron sponge 
into nodules due to the combined effects 
of the oxidising combustion gases and the 
turuing action of the kiln. A heavy and vis- 
cous slag is formed from the gangue con- 
stituents of the ore. This slag has only a 
low iron content, and the nodules are carried 
to the outlet of the kiln in the slag. The 
material issuing from the outlet of the kiln 
is quenched with water and cooled and is 
then passed through suitable crushing 
machinery in which the nodules remain 
unaffected ; they are then removed from the 
finely ground slag by means of screens and 
magnetic separators. A particular advantage 
of the Krupp-Renn process is that it is largely 
independent of the quality of the fuel used as 
a reducing agent, hence practically all the 
so-called “* waste ” fuels can be used for this 
purpose, such as coke breeze, brown coal 
semi-coke (Braunkohlenschwelkoks), fine an- 
thracite, and low-grade coal slack. The ash 
content of the fuel used plays no effective 
part in the reaction ; only the volatile con- 
tent of the fuel must be low as these gases 
cannot be usefully employed inside a Renn 
kiln. The sulphur content of the fuel is of 


now been dismantled. It is a reduction process 
for iron ore which uses a revolving kiln fur- 
nace, and in which the iron oxides are first 
reduced by means of the fuel mixed in with 
the charge to an iron sponge at a temperature 
of between 600 deg. and 1000 deg. Cent. 
This sponge is then converted in a higher 
temperature zone to larger bodies of low- 
carbon iron which are known as “ Nodules ” 
(Luppen), caused by the sponge being welded. 
At the same time the gangue minerals in the 
ore form a semi-liquid slag in which the 
nodules remain embedded. The separation 
of metal and slag is completed by mechani- 
cal methods operating in conjunction with 
the kiln. The final products are gangue- 
free nodules which contain between 93 and 
95 per cent Fe and which will contain varying 
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Fig. 1—General layout of new rolling mill installation at Bochumer Verein 


considerable importance as a part of this 
sulphur is transferred to the nodules and the 
low operating temperature and the very low 


quantities of sulphur and phosphorus accord- 
ing to the analyses of the ore and fuel being 
utilised, but which on the other hand contain 


no manganese or silicon as these elements 
are not reduced from their oxides at the 
relatively low operating temperature of the 
Krupp-Renn process. For the same reason 
the carbon content of the nodular iron 
produced is also relatively low. 

In applying the Krupp-Renn process, 
the ore, which according to its reducibility 
must be crushed to a particle size of 2mm to 
20mm diameter, is mixed with finely crushed 
fuel and fed to the inlet end of the kiln where 
it passes along in the opposite direction to 
the combustion gases which are generated 
by a flame located at the outlet end of the 
kiln.* In the first zone of the kiln, which is 
known as the pre-heat zone, a gradual 
warming-up of the charge takes place and 
moisture and water of crystallisation are 
driven off. In the second zone of the furnace, 
where the temperature is between 600 deg. and 
1000 deg. Cent., the iron oxides are reduced 
to iron sponge by the reducing action of 


basicity of the slag offer no hindrance to 
sulphur pick-up by the iron. 

The most important metallurgical aspects 
of the Renn process are as follows :—{1) The 
process operates almost exclusively with slag 
which, in the range of temperature at which 
iron exists as a tacky, low-carbon mass, is 
sufficiently heavy and viscous as to be able to 
hold the nodules in suspension. As a general 
rule, only slags with a silica content of 55 
to 70 per cent possess the necessary degree 
of viscosity. (2) The slag volume should not 
fall below 800 kg to 1000kg per ton of nodules, 
because otherwise the iron will coagulate 
into balls to too great a degree, and this will 
cause difficulties in the operation of the 
kiln. Thus, the Renn process is particularly 
suited for the treatment of low-grade highly 
siliceous ores which are uneconomic to 
smelt directly by present-day techniques in 
the blast-furnace and which are unsuited 
for beneficiation or any of the usual ore- 
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preparation processes prior to blast-furnace 
ireatment. 

There thus arose the question whether 
the Renn process should be considered only 
js a method of pretreatment of low-grade 
ores, i.c. aS a first stage in the production of 
ion in the blast-furnace, or whether it can 
be considered as being already a member of 
the real iron-producing processes. This 
question has been answered in one way 
or the other according to circumstances. 
Nodules with a high phosphorus and sulphur 
content, which are produced when a phos- 
phoric ore is reduced with a sulphur-contain- 
ing fuel, must be first charged to the blast- 
furnace if an iron is to be produced which 
can be converted to steel by the normal 
methods. This is economical particularly 
incases where a blast-furnace plant is already 
inexistence. In effect, this raises the capacity 
of the blast-furnace since the production 
of pig iron from Renn nodules entails no 
reduction or slag formation and only 200 kg 
of blast-furnace coke are required per metric 
ton of pig iron produced. In other cases, 
where the quality of the ore and the low 
sulphur content of the fuel are such that the 
production of nodules low in phosphorus 
and sulphur is feasible, these nodules can 
be processed directly into steel in the electric 
arc furnace or in the open-hearth furnace, 
without the cost increase involved in first 
producing a pig iron. In this instance, the 
Renn process is not a pretreatment method, 
but is an iron-producing process. 

At the present time developments are 
taking place in Germany which wil! tend in 
the future to make the Renn process more 
important as an iron-producing method. 
The technical development of the arc furnace 
and its increasing size, together with the 
increasing efficiency in the generation of 
electric power make it likely that the large 
electric arc furnace will be found to be the 
most suitable metallurgical apparatus for 
the direct conversion of Renn nodules into 
steel. The advantages of easy charging and 
melting which are obtained when Renn 
nodules are used, may well offset the fact 
that owing to the sulphur contained in this 
material a higher slag volume than normal 
must be carried. With the use of the oxygen 
lance the electric arc furnace is becoming 
more able to undertake refining operations, 
and thus it is not impossible that ways may 
also be found to process high-phosphorus 
Renn nodules directly into high-quality steel 
in the arc furnace. 

Since the end of the war the Renn plant 
in Czechoslovakia has been expanded to two 
kilns and a Renn plant installed in Northern 
Spain which will come into operation within 
afew months. A plant comprising two kilns 
has been constructed and put into operation 
recently at Unterwellenborn, in the Eastern 
Zone of Germany. The plant at Borbeck, 
and the largest and most important Renn 
installation in Germany at Salzgitter-Waten- 
stedt both fell victims to the post-war dis- 
mantling programmes. A few weeks ago, 
however, the decision was taken to recon- 
struct the Watenstedt plant in a more up-to- 
date form and with increased capacity. The 
original plant at Watenstedt before dis- 
mantling consisted of three furnaces of 4-2m 
diameter and 70m length, with an annual 
capacity of about 450,000 tons of ore. At 
that time a raw ore containing between 26 
to 28 per cent Fe was treated, the annual 
production of nodules being between 110,000 
and 120,000 tons. The kiln charge consisted of 
ore, fuel, and an intermediate product arising 
from the slag milling plant and flue dust, 
and this charge was extracted from bunkers 
by plate conveyors and weighed out in scale 
lorries. The constituents of the charge were 
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mixed in revolving feeders and the prepared 
charge then fed into the inlet end of the kiln 
by means of a bucket elevator. This inter- 
mittent charging system is to be abandoned 
in the new project, primarily in order to 
dispense with the arrangement of weighers, 
feeders and bucket elevators which required 
a great deal of maintenance. In the new 
installation the preparation of the charge 
will be undertaken in a manner similar to 
that employed in sintering plants, rotary 
table feeders and automatic weigh-feed belts 
being employed, while the prepared charge 
will be’ taken to the mouth of the kiln by 
means of belt conveyors. The kilns them- 
selves will be enlarged, two kilns of 4-2m 
diameter and 95m length and one kiln 4-6m 
diameter and 110m length being installed. 
These three new furnaces will together be able 
to treat some 600,000 tons of ore per annum. 

It is of interest to note that~ particular 
consideration has been given to the question 
of the kind of ore which will be processed in 
the new Renn plant. A wet concentration 
plant has been erected which can produce a 
concentrate from the ores of the Salzgitter 
area. The local lean, siliceous ores contain 
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first cost of the construction of a Renn plant 
for the annual production of 400,000 tons of 
nodules from about 1,200,000 tons of ore 
with 35 per cent Fe content, amounts to 
about 90,000,000 DM. This plant would 
consist of five kilns of 4-6m diameter and 
110m length. Allowing for depreciation and 
interest together at the rate of 15 per cent, 
this amounts to a capital charge of roughly 
34 DM per ton of nodules produced. 
Taking the price of raw ore, “‘ middlings ” 
ore concentrates at 12 DM per ton, the ore 
cost works out at about 36 DM per ton of 
nodules. A consumption of “ waste” fuel 
at the rate of 1000 kg per ton of nodules is 
to be expected, at a price of about 40 DM 
per ton. The operating costs, i.e. power, 
maintenance, wages, &c., will run at the 
rate of about 30 DM per ton of nodules. 
The total costs, therefore, for the production 
of Renn nodules from a low-grade acid ore 
in a large, modern plant will amount to 
about 140 DM per ton, i.e. about £13 per 
ton. 

This cost is considered favourable enough 
to-day to justify more detailed consideration 
of the Krupp-Renn process under various 





Fig. 6—Main building of Max-Planck-Institut 


from 25 to 28 per cent Fe and 22 to 27 
per cent SiO,, and as a result of technical 
improvements in the concentration process 
and the introduction of new methods, the 
concentrate contains 39 per cent Fe and 
only 14 per cent SiO,. In practice, however, 
this concentrate has to be diluted with 
“ middlings ” containing only 30 to 38 per 
cent Fe, but it is possible that in the future 
these “‘ middlings ”” may be treated directly 
in the Renn plant. This will have a twofold 
advantage : on the one hand owing to the 
increased iron content of the charge the net 
output of Renn nodules will be increased to 
about 180,000 to 200,000 tons per annum, 
which will raise the economic efficiency of 
this process, while, on the other hand, the 
wet concentrators attached to sinter plants 
and blast-furnaces in this area will be able to 
produce a concentrate containing more iron, 
i.e. With a Fe content of 40-5 to 41 per cent, 
with a correspondingly lower silica content. 
In this manner the new Renn plant will 
become an important factor in the entire 
economy of the Salzgitter orefield. It is 
not unlikely, for example, that much of the 
fine ore now produced in the ore-crushing 
and screening plants, which at present must 
be sintered or pelletised before charging 
to the blast-furnace, may in future be pro- 
cessed into Renn nodules before blast-furnace 
treatment. 

Under present-day German conditions}the 





conditions throughout the world, particu- 
larly where a further processing of the 
nodules in large electric arc furnaces can be 
envisaged. 


BOCHUM 


On Friday morning, June 10th, a party of 
delegates visited the Gusstahlwerk Bochumer 
Verein A.G., at Bochum, where a discussion 
on rolling mill problems was held. Further- 
more, there was a tour of this most up-to-date 
works, particular interest being expressed by 
the visitors in the twin motor drive reversing 
blooming mill of the firm and the new “ BV 
Vacuum Steel ” casting process developed by 
the company. 

The company comprises a fully-integrated 
steel works, with five blast-furnaces, sixteen 
open-hearth furnaces ranging in capacity 
from 35 to 250 tons, and four electric arc 
furnaces ranging in capacity from 14 tons to 
40 tons. There are several steel foundries 
specialising in casting heavy pieces up to 
about 300 tons maximum weight and there 
are forging shops with facilities for the pro- 
duction of both hammer and drop forgings. 
Heavy machine shops are available for the 
finish-machining of both castings and 
forgings produced by the company. 

The rolling mills of the works cover the 
complete range of processing, from a heavy 
blooming mill to billet and strip mills and 
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cold finishing facilities, including a bar and 
wire drawing shop. We propose to con- 
centrate here on the new 1100mm by 2650mm 
two-high blooming mill and the 750mm by 
2200mm_ three-high billet mill which is 
considered to be one of the most advanced 
European installations for the production of 
alloy steels. 

The general layout of the new mill instal- 
lation is indicated in the plan (Fig. 1). 
The plant is situated adjacent to an open- 
hearth melting shop comprising five individual 
furnaces. Both soaking pits and pusher 
furnaces are available for the heating of the 
ingots. Both of these are in the immediate 
vicinity of the “Schloemann” reversing, 
two-high blooming mill. The most unusual 
aspect of this mill is its twin-drive controlled 
by rectifier rather than by an Ilgner unit. 
The two d.c. mill motors have a joint rated 
capacity of 7000kW at a speed range of 
0/60/120 r.p.m. The total torque capacity 
of the mill is 2,500,000 lb-ft. The details of 
this drive are discussed in greater detail 
below. There are two up-cut shears following 
the blooming mill, one being rated for 400mm 
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connection with a field regulator. As a 
consequence of the high-speed regulation 
the stress on all parts is very great. Shorter 
reversing periods can be obtained than 
would have been possible in the case of a 
motor generator with flywheel. At present 
the mill operates with a reversing time of 
1-5 seconds from 60-0-60 r.p.m. Thus, too 
great a stress on all driving parts can be 
prevented. If the armature current increases 
too abruptly brush sparks easily can appear 
at the commutator, because the reversing 
field will lag. 

The most important aspect of a twin drive 
is that both driving motors are synchronous. 
Differences in speed ranging from 2 to 3 
r.p.m. are of minor importance for rolling 
operations. Equal speed can be obtained 
by various regulating methods: first, by 
the voltage of the tachometer generator, or, 
secondly, by regulation of the armature 
voltage. The latter method has been applied 
at Bochum. A disadvantage of the block 
connection of the two motors is that the 
armature voltages have to be regulated 
separately. When fed by a busbar, equal 





Fig. 7— Steel melting, heat treating and cogging shop at Max-Planck-Institut 


and the other for 300mm square sections. 
The “Schloemann” three-high billet mill 
comprises three stands arranged “ cross- 
country” and equipped with mechanical 
tables. The mill is driven by a d.c. motor 
having a nominal rating of 6100kW at a 
speed range of 0/90/180 r.p.m. Following 
the three-high mill, there are two hot saws 
and an up-cut shear having a capacity of 
150mm squares. Finally, there is an exten- 
sive cooling bed, followed by heat treatment 
facilities and pickling tanks. 

From an electrical point of view, every 
mill motor at the Bochum works is fed by 
its Own transformer having an inter-phase 
transformer and three parallel rectifier vessels 
with twelve anodes each. In order to protect 
the motors and the rectifiers two high-speed 
circuit breakers are provided. Change-over 
switches bring about the reversal of the 
direction of rotation in the armature circuit ; 
the inversion takes place every time the value 
of the current is zero. Safety devices have 
been provided to eliminate faulty switching 
operations. In addition, each motor is 


provided with a valve-regulating system in 





voltage would be applied to both motors 
and the regulation would be more stable. 
But this connection, too, has been found 
to have a drawback. In order to protect 
the motors and the rectifier, high-speed 
circuit breakers have been installed. The 
latter makes it possible to switch off the 
breaker within 5 to 8 millisec. in case 
of short circuit and an armature voltage of 
1000V at a current rise of 1000A per millisec. 
The circuit breakers are built for a rated 
current of S000A. With the busbar connec- 
tion they would have to be designed for twice 
the. current, i.e. structure and switching 
contacts would become so heavy that it would 
be impossible to obtain such short breaking 
periods any longer. In the beginning, the 
wear of the contacts after a small number 
of switching operations had become so 
important that it was necessary to replace 
them every week. In case of short circuit 
the introduction of a high-speed grid blocking 
device brought a considerable improvement 
so that the motors and rectifiers are not 
exposed to inadmissible peaks of current. 
Naturally, when the speed of the motors 
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differs, as a consequence of the slipping of 
one roll, the material can no longer be rolled 
in a straight line and, moreover, the presence 
of chatter will lead to stresses on the stand 
of rolls and the spindles. The company 
solved this problem in the following way :— 
Any undesired difference in speed automatic. 
ally will brake the motors by means of the 
tacho-dynamos. There is no release of the 
high-speed circuit breakers. This safety 
measure has yielded satisfactory results and 
does not hinder the operation of the rolls 
at all. 


The blooming mill was taken into operation 
in the middle of 1953. Naturally, the plant 
had to undergo some modifications and 
improvements resulting in short periods of 
down-time. In 1954 the average periods of 
down-time at the main driver were around 
2-29 per cent of the operating hours, and at 
the auxiliary drives around 0-75 per cent of 
the operating hours. Interruptions decreased 
in the course of the year. In the second half 
of 1954 they amounted to an average of 1-63 
per cent of the operating hours for the main 
drive and 0-64 per cent of the operating 
hours for the auxiliary drives. 


From the economic point of view the 
rectifier drive is considered by the company 
to be superior to the motor generator drive 
with flywheel. The firm carried out daily 
measurements with regard to the consumption 
of power per | metric ton of material to be 
rolled. According to the final cross section 
the most favourable value was 14-8kWh per 
metric ton on a daily average and the highest 
value 18-9kWh per metric ton. These 
figures include the consumption of power 
for the ventilation of the motors, for the 
cooling of the converters and for idling. 
Measurements carried out in a rolling mill 
of equal size and type, however, equipped 
with a motor generator drive with flywheel, 
yielded figures ranging from 20kWh to 
22kWh per metric ton. Considering the 
high price of electric energy in Germany 
these savings are not unimportant. 

Another development of particular interest 
at Bochum was the vacuum casting process 
developed by the company. The Bochumer 
Verein has been engaged in work concerning 
the vacuum extraction of gas from molten 
steel since 1950. The first procedure which 
was tried in this respect was to place a ladle 
holding up to 20 Ib of metal into a container 
and to pump the air out. The success of 
these trials led to the construction, two years 
later, of a larger installation. One of the 
chief initial difficulties had been the question 
of pumps. Pressures of 30mm Hg or less 
were required, and although water jet pumps 
were adequate for such pressures, it was 
found that hydrogen tended to be reintro- 
duced by the back-diffusion of water vapour. 
The new plant, which was to operate in 
conjunction with a 40-ton electric melting 
furnace, was therefore equipped with mech- 
anical pumps, three Leybold pumps each of 
600 cubic metres per hour capacity being 
used. The present installation consists of 
two containers of 2-4m internal diameter and 
4-:2m height, each capable of dealing with 
two 35-ton ingots per day. In addition, there 
is a container of 4-4m internal diameter and 
9m height for ingots of up to 150 tons. This 
equipment is served by a 5000 cubic metres 
per hour pumping section consisting of eight 
Leybold high-vacuum pumps and one back- 
ing pump. A pressure of 30mm Hg can be 
reached in about five minutes, while the 
ultimate pressure which may be attained in 
the system is 0-2mm Hg. 

Improvements in efficiency are possible by 
exposing the molten metal to the vacuum in 
the form of a thin jet. Thisis done by 
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Fig. 8— Rolling, drawing, forging and extrusion shop at Max-Planck-Institut 


placing an empty casting ladle, or the ingot 
mould itself, inside the container, the lid of 
which is fitted with a nozzle. A vacuum is 
established, the nozzle being kept closed by 
means of a thin aluminium disc which is 
melted as the steel is poured. The whole 
process can be observed through windows, 
and high-speed films have shown that the 
emptying gases break up the jet into small 
drops and bands of metal so that degassing is 
carried out with great effect. For a 40-ton 
charge the pouring takes about eight minutes, 
with a temperature drop of 30 deg. Cent. 
This cooling down of the charge has to be 
kept to a minimum since it cannot be com- 
pensated for by a higher initial temperature 
without the metal absorbing additional gas 
at the higher temperature. Analysis of the 
pump exhaust during casting shows that 
oxygen was practically absent. A _ large 
number of tests gave the approximate mean 
results, in per cent by volume : hydrogen 20, 
carbon monoxide 45, carbon dioxide 5, 
remainder nitrogen. The firm states that, 
apart from the extraction of hydrogen, the 
simultaneous exclusion of oxygen is of par- 
ticular importance in cases where easily 
oxidised components such as vanadium, 
niobium, titanium, or aluminium, have been 
added. During the last two years the output 
of ingots and of special castings in: various 
alloy steels totalled over 10,000 tons. 


KREFELD 


On Friday afternoon, a large group of 
delegates visited the Krefeld works of the 
Deutsche Edelstahlwerke A.G., which is now 
believed to be the largest alloy steel works on 
the Continent. Unfortunately, as so often 
happens when a visit to a single firm has to 
conform to the time-table of a complete 
meeting, the time allowed—two-and-a-half 
hours—was quite inadequate for the delegates 
who visited this firm to gain more than a 
very broad conception of the work being 
undertaken and of the high standard of 
quality maintained. We reproduce herewith 
photographs (Figs 2-5), showing, respec- 
tively, the electric arc furnace melting shop, 
the new “‘ Demag” two-high blooming mill 
and three-high billet mill installation, the 
hammer cogging shop, and a view taken in 
the tube mill showing a seamless ball bearing 
steel tube being drawn. At the present time 
the works has an annual output of 200,000 
ingot tons, which will be increased shortly to 





300,000 ingot tons, 80 per cent being electric 
furnace steel. The company is currently 
expanding its stainless steel strip and sheet 
production facilities along the lines adopted 
by the Shepcote Lane works of Firth-Vickers 
and Samuel Fox in Sheffield, and it is 
expected that a 42in wide Sendzimir cold 
rolling mill will go into operation at Krefeld 
early next year. 


DUSSELDORF 


Special arrangements were made on Satur- 
day, June 11th, for delegates interested in 
iron and steel research to visit the Max- 
Planck-Institut fuer Eisenforschung in Diis- 
seldorf. This co-operative research institute 
of the German iron and steel industry is 
probably the oldest such establishment, 
having been known previously, from 1917 
to 1948, as the Kaiser-Wilhelm-Institut fuer 
Eisenforschung. Since 1935 the Institute 
has occupied its present quarters in Diissel- 
dorf, except for an evacuation period which 
was necessitated by the air raids during the 
last war. The considerable damage caused 
at that time has now been repaired and the 
buildings are once more in an excellent con- 
dition. While the work of the Institute covers 
all phases of fundamental research in the 
field of iron and steel production it has 
perhaps become best known for its out- 
standing reports relating to the mechanical 
working of steels. We, therefore, propose to 
concentrate on this aspect and reproduce 
photographs (Figs 6, 7, 8) illustrating the 
mechanical departments. The accompanying 
illustrations show, respectively, a general 
exterior view of the main building ; a view 
of the steel melting, heat-treating and cogging 
shop ; and a view of the rolling, drawing, 
extrusion and forging installation. 

In the field of iron and steel making pro- 
cesses, the institute is engaged primarily in 
work appertaining to the Thomas converter 
process, with particular reference to phos- 
phorus content of slag and the use of such 
slags as a fertilising agent in agriculture. The 
chemistry department has recently been 
equipped with advanced apparatus for the 
electrolytic isolation of non-metallic com- 
ponents and with related equipment for the 
separation and micro-analysis of the sepa- 
rated components. Modern spectrographic 
apparatus as well as an electron microscope 
have also been installed recently. 

The mechanical working department has 
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been engaged in research relating to the cold 
drawing of seamless tubing ; the temperature 
distribution. between wire and die in the 
drawing process ; the determination of the 
drawing forces required in the drawing of 
carbon steels ; the hot rolling characteristics 
of clad steels, and a variety of experi- 
mental work concerning the cold rolling of 
steel strip. A group of minor projects was 
concerned with the annealing and recrystal- 
lisation of low, medium and high carbon 
steels ; the power requirements in wire 
drawing, covering mild steels as well as alloy 
steels, the effect of lubricants in wire drawing, 
and the determination of suitable ranges of 
drawing dies. In the field of rolling mill 
practice there are projects dealing with spread 
in hot rolling, tensions in cold rolling of 
strip, spread in the flattening of round wires, 
and the determination of rolling forces, 
rolling torques and rolling powers on experi- 
mental as well as industrial mill installations. 

The equipment available in the mechanical 
working department includes an 80mm wide 
12-high Rohn reversing cluster rolling mill 
equipped with 10mm diameter work rolls 
and with separately powered coilers ; and a 
200mm wide Klein-Dahlbruch rolling mill, 
which may be operated with 180mm diameter 
2-high rolls only or with 4-high work rolls 
in a 45mm to 60mm diameter range, driven 
from a special pinion stand, backed up by 
the large 180mm diameter rolls, which 
then become non-driven. This mill is 
equipped with load cells and torque meters, 
and a separately powered coiler is available 
for use in conjunction with the mill. 

In addition to this rolling mill equipment, 
the department contains a 250-ton hydraulic 
press for forging work, a 400-kg drop hammer, 
a Herborn 600mm diameter single bull block 
and a Malmedie 600mm diameter twin 
bull block and an up-to-date hydraulic 
drawbench recently completed by the Sund- 
wiger Eisenhuette. This machine is equipped 
with a 50 h.p. hydraulic drive providing two 
speeds : 9m per minute at a force of 25 tons 
and 20m per minute at a force of 9 tons. 

Among the other research activities of the 
Max-Planck-Institut are materials testing 
projects, including fatigue determinations on 
the basis of the Woehler method ; work in the 
field of constitution diagrams of alloys ; 
metallographic examinations with particular 
reference to transformations ; the use of 
X-ray and other non-destructive methods of 
testing and inspection ; the application of 
magnetic means of testing in iron and steel 
research ; and calorimetric investigations 
of processes of transformation, using the 
Borelius apparatus. 

It may be said that the Institute to-day has 
completely overcome the damage and disloca- 
tion caused by the war and is once more 
contributing fully to the advancement of 
research in the iron and steel industry. 
Such recent acquisitions as a 25 kg capacity 
high vacuum melting furnace are an indica- 
tion that this organisation moves ahead 
with the times and can be relied upon to play 
its part in the present era of steel making 
technology. 

The German part of the meeting came 
to its conclusion with a very enjoyable 
Sunday excursion to the central Rhineland, 
at the invitation of the Verein Deutscher 
Eisenhiittenleute. On the following morning 
some of the delegates travelled directly to 
Paris while another party stopped en route 
at Liége to visit the works of the S.A. John 
Cockerill, the S.A. Metallurgique d’ Esperance 
Longdoz, the S.A. d’Ougrée Manhaye, 
or the laboratories of the Centre National de 
Recherches Metallurgiques. 


(To be continued) 
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Geophysical Prospecting 


By ROLT HAMMOND, A.C.G.I., A.M.J.C.E. 
No. II—{ Concluded from page 145, July 29th) 


NOTHER interesting survey carried out 


by the Cie Générale de Géophysique 
was a study of two proposed sites for a 
dam at Oued el Lil, Tunisia. The gorges 


here are hollowed out in a complex of 


marls and of Miocene strata of which the 
average dip is about 30 deg. towards the 
north-north-east. There are lateral variations 
and the narrowness of the gorge, combined 
with the sound underlying strata, have been 
important factors when considering the 
project of building dams. Two sites have been 
specially studied geologically, but the out- 
crops are often hidden by debris, and lateral 
variations cause further complications. An 
electrical resistivity survey was therefore 
undertaken to trace the marl formations, 
which have a resistivity of from 10 to 20 ohms 
per metre, while the Miocene déposits have 
a maximum resistivity of 100 ohms per 
metre, the resistivities along the section line 
being shown in Fig. 9, which also shows 
the resistivities over the whole site. - 

By means of electrical prospecting it has 
been possible to locate five major Miocene 
deposits indicated by Bl, B2, B3, B4 and BS 
at the proposed upstream site for a dam 
(Fig. 10). There is good continuity of these 
strata along the right bank of the river, 
particularly of deposit B3, which does not 
display any visible outcrops at the surface. 
A zone of dislocation appears to exist near 
the point Z. On the left bank, all the above 








KEY TO 
RESISTIVITIES. 


53 Less than 25 Ohm/m. 
(1) From 25t035 * 

Ss ” 35050 ” 
{1 ” 50t060 ° 
Gg ” 6008 ” 
bial 


Greater than 80 ” 


| 


were Sir William Halcrow and Partners, 
acting for Messrs. Kennedy and Donkin, 
the survey having been carried out by Mining 
and Geophysical Services, Ltd. The main 
object was to determine approximate depth 
to bedrock before embarking on a programme 
of drilling ; the site is in a rock gorge, where 
the river has eroded its bed to an unknown 
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Fig. 10—Electrical resistivities of Miocene deposits at 
a proposed site for a dam in Tunisia 


depth below present sea level during the 
ice age, when the level of the ocean was about 
200ft below its present level, the old channel 
being later filled with alluvial sand and 
gravels, and with rock debris from the sides 
of the gorge. 

Measurements were made at a number of 
sections across the river, employing the 
normal resistivity sounding technique ; four 
ropes were stretched across the river equally 


a 





BI 


Fig. 9—Electrical resistivities over a proposed site for a dam in Tunisia 


five strata are discontinuous, resulting in 
the fault F, F with a throw of about 30m. 
There are three main Miocene deposits, 
designated Bl, B2 and B3 respectively, the 
latter being the thickest and most compact. 
An electrical resistivity survey of a proposed 
downstream site for a dam revealed that 
there are seven main strata on the right 
bank, whereas on the left bank the strata 
are much more confused. 

A successful resistivity survey was under- 
taken on the proposed site of a dam in the 
Fiji Islands, for which the consulting engineers 





spaced about the section to be investigated, 
and an electrode was suspended just below 
the surface of the water from each rope. 
The electrodes were then moved along the 
ropes in line and apparent resistivity was 
measured at regular intervals across the 
river. This procedure was repeated at various 
spacings of the ropes and Fig. 11 shows a 
section across the river with outline of bed- 
rock, as determined by the resistivity survey. 
An interpretation of resistivity measurements 
indicated that the rock was about 120ft 
deep ; since this was much deeper than had 


Aug. 5, 1955 


been thought possible, a vertical test bore 
was sunk with a diamond drill in midstream 
but this was abandoned in boulders at 4 
depth of 102ft. The inclined tesi bore 
finally proved rock under the left bank a 
about 100ft below river level. These two 
bores adequately confirmed the depths 
given by the resistivity survey. 

It is of the utmost value in civil engineering 
work to be able to make a rapid survey of 
geological conditions, in order to plan the 
work armed with a foreknowledge of the 
nature and depth of rock and other deposits 
which may be expected. An excellent example 
of this was a resistivity survey made for 
Messrs. Binnie, Deacon and Gourley, con- 
sulting engineers to the Daer Water Board, to 
determine the quantity of rock excavation 
necessary along a proposed pipeline trench, 
40 miles long and 7ft deep, from Daer reser- 
voir to Airdrie and East Kilbride. This pipe- 
line for most of its length traverses agricul- 
tural land in Lanarkshire, where glacial 
deposits overlie rocks ranging from Devonian 
to Upper Carboniferous in age, consisting 
mainly of sandstones. 

In Fig. 12 we have a geological map along 
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Fig. 11—Section across river, showing boreholes and 
rock profile determined by resistivity survey 
part of the pipeline route, with corresponding 
resistivity profile. A preliminary recon- 
naissance was first made to locate areas where 
a substantial thickness of drift overlay the 
route, to map outcrops of rock near the 
route, and to identify rock types in order to 
aid geophysical interpretation. Apparent 
resistivity measurements were made at con- 
stant electrode spacing of 20ft along the route 
of the pipeline, from which a continuous 
resistivity profile was obtained, as shown in 
Fig. 12. Anomalies on this profile were 
correlated with geological data so that 
resistivity data could be correctly interpreted. 

The ground was regarded as a simple two- 
layer structure consisting of overburden with 
low resistivity overlying a bed rock of high 
fesistivity. Hence the higher the apparent 
resistivity measured, the thinner will be the 
overburden. Interpretation was checked 
by test pits and test bores, where the re- 
sistivity data indicated that the rock was 
near the surface. The route of the pipeline 
was surveyed at the rate of 1 mile a day. 


GRAVITATIONAL METHODS 


The gravitational method of geophysical 
prospecting has been widely used in recent 
years, and considerable success was attained 
by the Thyssen gravimeter, invented in 1934, 
employed in the Government survey of 
Germany. This apparatus is of simple form, 
comprising a mass connected to a system of 
levers in such a manner that the displacement 
caused by variations of gravitational accelera- 
tion is amplified. This light instrument has 
a sensitivity of less than 0-5 milligal, the 
milligal being the unit of gravity measure- 
ment in prospecting work, a thousand milli- 
gals being equivalent to an acceleration of 
1 centimetre per second per second. 

This method is particularly suitable for 
revealing structural features in areas where 
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Fig. 12—Geological map along part of a pipeline route, with corresponding resistivity profile 


sedimentary deposits conceal underlying bed- 
rock, and where a geologist cannot employ 
his usual methods. In the U.S.A. gravita- 
tional surveys have proved the presence of 
salt domes, and have given quantitative 
information as to their depth and the exact 
position of their steeply dipping sides. With 
anticlines and synclines, in which the cores 
are heavier or lighter than adjacent strata, it 
is possible by this method to determine the 
position of the main axis of folding as well as 
the relative steepness of the flanks of the 
fold. The torsion balance has also been 
applied to location of faults, to their position 
and direction, and to give an estimate of the 
throw under favourable conditions. 

A modern instrument of great practical 
value is the Worden gravimeter, which is 
extremely portable and weighs only 54 Ib ; 
it is accurate to 0-01 milligals, approximately 
one part in a hundred million of the average 
gravitational field of the earth. Experience 
has proved that gravitational surveys have 
been very successful in revealing rock struc- 
ture favourable to accumulation of oil, which 
not only saves wasteful wild-cat drilling, but 
also avoids the cost of a more detailed seismic 
survey which should be undertaken only if 
the gravity survey indicates that it is justified. 
Before an interpretation of gravity data can 
be attempted, however, it is essential to 
correct gravity values for latitude, elevation 
above sea level, and in some cases for the 
terrain in which the survey is to be carried out. 

The Worden meter has been tested on 
ground water surveys by Professor George 
Woollard, of the geophysics section, Geology 
Department, University of Wisconsin, U.S.A., 
and it was also found.to be valuable for 
studying pre-glacial topography. The instru- 
ment does not require any external source of 
power ; it can be used in any country or 
climate ; internal compensation eliminates 
the need for maintaining storage batteries or 
portable battery chargers. Its elastic system 
is constructed of quartz, its basic mass being 
only 5 milligrams, and the entire system being 
sealed in a partial vacuum. The operating 
principle is based on a three-spring meter of 
unstable type employing a pre-tension or 
zero length spring to achieve the necessary 
sensitivity. 

Sealing in a partial vacuum eliminates 
errors due to changes in altitude in mountain 
ranges or in transport by aircraft. The 
internal compensator of the Worden meter 
can be set to work for all latitudes, 


‘thereby eliminating the need for returning 


the meter to the laboratories for readjust- 
ment when the scene of operations is changed 
Over great distances in the North-South 
direction. 


SEISMIC PROSPECTING 

For centuries earthquakes have been 
studied, and from the science of seismology 
has been developed the seismic prospecting 
method, originally developed and still widely 
used in oilfields but also of considerable 
practical value in civil engineering, because 
it has much greater resolving power for 
depth determination of formation boundaries 
than any other alternative method. In 1895 
Milne suggested that it should be possible to 
reveal the nature and arrangement of strata 
close to the surface, and he wrote as follows 
about earthquakes :— 

“To the geologist there are perhaps no 
phenomena in nature more interesting than 
earthquakes, the study of which is called 
seismology. ... As an earthquake travels 
from strata to strata, if we study its reflection 
and changing velocity in transit, we may 
often be led to the discovery of certain 
rocky structures buried deep beneath our 
view, about which without the help of such 
waves it would be hopeless ever to attain any 
knowledge. 

“By studying the propagation of earth- 
quake waves the physicist is able to confirm 
his speculations respecting the transmission 
of disturbances in elastic media. For the 
physicist, earthquakes are gigantic experi- 
ments which tell him the elastic moduli of 
rocks in nature, and when properly inter- 
preted may lead him to a proper compre- 
hension of many ill-understood phenomena.” 

In seismic prospecting an artificial earth- 
quake is created by a charge of high explo- 
sive, followed by observations with suitably 
placed seismographs, or vibration recorders. 
Elastic waves travel through rocks at dif- 
ferent velocities, and they will be refracted 
as they pass from one medium to another 
of different velocity ; this is the entire basis 
on which seismic prospecting is carried out. 
Under suitable conditions, thickness of over- 
burden and structural conditions can be 
revealed toa considerable depth. Penetration 
will depend on local conditions, but in 
favourable surroundings success has been 
achieved down to a maximum depth of 
7500ft below the surface. Seismic pros- 
pecting has been used successfully in Persia, 
California, Mexico and Venezuela, where it 
has revealed the location and direction of 
faults and anticlines. Position and direction 
of the axis of an anticline can be determined, 
as well as the depth and slope of the flanks ; 
the method has also been employed with 
outstanding success to determine ice thick- 
ness on glaciers in the Alps, results agreeing 
closely with those obtained by alternative 
methods. 

An interesting example of the seismic 
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method applied to determination of the 
modulus of elasticity of rock has been 
described by Brown and Robertshaw (“ The 
in-situ Measurement of Young’s Modulus 
for Rock by a Dynamic Method,” by P. D. 
Brown, B.Sc. (Eng.) and Jack Robertshaw, 
B.Sc., Géotechnique, September, 1953). The 
yield of foundation rocks is a very important 
factor in the design of arch dams and 
bridges, and a knowledge of the modulus 
of elasticity of the rocks is essential for an 
accurate determination of their yield. The 
authors of the above paper describe a simple 
method which they employed to determine 
the elastic modulus of the foundation rocks 
on a proposed site for an arch dam in the 
Dokan Gorge, Iraq. Values of Young’s 
Modulus (E) and of the corresponding 
velocity of propagation of longitudinal 
(compression) waves for a wide range of 
sedimentary, metamorphic and igneous rocks 
have been determined by many authorities 
and are plotted in Fig. 13. 

An elastic disturbance was set up in the 
rock by detonating a small charge of gelig- 
nite, and the resulting seismic waves trans- 
mitted through the rocks were picked up 
by a geophone placed at a measured distance 
from the point of explosion. The geophone 
transformed the ground vibrations into 
electrical impulses which were recorded by 
an oscillograph and camera on which the 
instant of explosion and time in milliseconds 
were also recorded. Thus, the interval of 
time between the instant of explosion and 
arrival of the first vibration impulse at the 
geophone was determined ; this time interval 
represents the travel time of the longitudinal 
waves between the point of explosion and 
the geophone, since longitudinal waves are 
propagated through an elastic medium more 
quickly than any other type of elastic wave. 
Hence the longitudinal wave velocity in the 
rock can be determined from these time and 
distance measurements. 

For measurements made in Iraq, a double- 
beam cathode-ray oscillograph was used. 
Camera shutter release and beam triggering 
mechanism of the oscillograph were incor- 
porated in the detonator firing circuit, so 
that with operation of the camera shutter the 
gelignite charge was detonated and this also 
triggered the oscillograph at the precise 
instant of explosion. The geophone was 
connected to one beam of the oscillograph 
and an oscillator operating at a frequency 
of 1000 c/s was connected to the other beam 
to provide a time scale. A travel time of 
about 10 milliseconds could be determined 
with an accuracy of about 2 per cent. 


Dokan Gorge occurs where the Lesser 
Zab River has cut through an anticlinal fold 
in Cretaceous strata; the rocks consist of 
jointed dolomite overlain by comparatively 
thin, finely crystalline limestone which is 
closely jointed. The proposed site for the 
dam was close to the axis of the anti- 
cline where the bedding is approximately 
horizontal. At this point the nearly vertical 
sides of the gorge are about 200ft high and 
consist entirely of dolomite ; the overlying 
limestone has been eroded to an angle of 
about 30 deg. to the horizontal, a point 
of special importance on this site having 
been the determination of the relative elastic 
moduli of the dolomite and limestone. 

The elastic modulus of a rock varies with 
the direction of the bedding, being least 
normal to the bedding ; velocity measure- 
ments were therefore taken both normal and 
parallel to the bedding, which in this case 
meant vertically and horizontally. In the 
case of the dolomites, all measurements 
were made on the steep cliff faces of the 
gorge, the horizontal measurements having 














186 


been taken at two different levels over 
distances ranging from 90ft to 232ft. Some 
difficulty was experienced in finding suitable 
locations for measurements in the overlying 
limestone, which was not exposed in the 
steep cliffs close to the site of the dam and 
was largely covered by stony soil on the 
upper slopes. Velocity mtasurements were 
made horizontally over distances of 100ft 
and 150ft in the limestone, but a single 
borehole provided the only opportunity for 
measurements in the vertical direction. 
Results showed that the dolomite had an 
average modulus of elasticity of about 
7-5 10° lb per square inch parallel to the 
bedding planes, and 3-5x10°lb per square 
inch normal to the bedding. Corresponding 
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Fig. 13—Relation between longitudinal wave velocity 
and Young’s modulus of elasticity for rocks 


values for limestone were lower, being about 
1-2 10° and less than 1-0 x 10° Ib per square 
inch, parallel and normal to the bedding 
respectively. Variation of elastic modulus 
with direction of bedding, and the large 
difference in the elastic moduli recorded 
for the two types of rock on the site, prove 
the need for accurate measurement if a 
reliable estimate is to be made of the yield 
of a proposed foundation. 

Combined elastic and non-elastic yield 
of the foundation rock may be determined 
by static loading tests on site, but this can 
be a slow and costly job, particularly if 
measurements are to be taken at several 
points. If rock has to be grouted to render 
it impermeable, static loading tests should 
be made after completion of grouting, 
whereas design calculations for which data 
on the yield of the foundations are required 
would normally be well in hand long before 
preparations had been made for grouting 
the rock. 

From the civil engineering aspect, the 
seismic method is of great practical value for 
determining depth to bedrock, because a 
properly planned survey of this type will 
provide detailed information in continuous 
horizontal and vertical profile at reasonable 
cost. The first application of this method to 
bedrock sounding was carried out in Sweden 
in 1941, when it was used to determine depth 
to bedrock at a reservoir site for a water 
power scheme. This information proved 
to be so reliable that the method was widely 
used in that country. When heavy construc- 
tion projects were resumed in Sweden in 
1947 after the second world war, the seismic 
method was applied to many other schemes, 
and more than 5000 bedrock depth determina- 
tions had been done before the end of that 
year. Experience in the U.S.A. has proved that 
the cost may, in favourable circumstances, 
be more than 70 per cent less than that en- 
tailed by alternative methods of surveying. 
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The portable seismic reflection equipment 
developed and made by A.B. Elektrisk 
Malmletning, of Stockholm, provides the 
geophysicist with a complete and relatively 
light apparatus, the maximum possible use 
being made of light alloys, protected against 
corrosion by anodising and by a surface 


finish in crackle lacquer. The geophones 
are of electrodynamic type, with a permanent 
Ticonal magnet structure and an elastically 
suspended coil assembly ; they have electro- 
magnetic damping, high sensitivity and fidelity 
in response. 

This geophone has a natural frequency of 
18 c/s; it is small, light and hermetically 
sealed. A stainless steel blade, fixed on the 
base of the geophone by a bayonet catch, 
is extremely convenient for rapid and certain 
planting in soft ground. There are several 
interesting features about the design of 
the amplifier, the automatic gain control 
ensuring that early events are well recorded. 
Owing to the relatively slow operating time 
for later events, the amplitude character of 
these events is retained to a high degree, 
thereby resulting in records on which reflec- 
tions from medium and large depths are 
shown in true amplitude relationship. This 
also makes it possible to record and to dis- 
tinguish events which arrive at short intervals 
after each other. 

Overall operating time of the automatic 
gain control can be increased by 50 per cent 
by a manually operated switch, which allows 
the operator to select either the shorter or 
longer overall operating time, taking into 
account the ground amplitude-time relation- 
ship in the area. This is achieved by the use 
of a dual control circuit of special design, 
the wide control range making it possible 
to obtain clearly legible records with both 
shallow and deep reflections. 

Presuppression is included in order to 
make the amplifiers capable of handling 
records with extremely strong first events 
in the traces near the shot point and very 
weak events on the end traces of the spread. 
This presuppression is turned on by manual 
control, the amplifiers being provided with 
presuppression controls so that each ampli- 
fier can be given the correct amount of 
suppression. 

The oscillograph is mounted in a portable 
cabinet, and is equipped with galvanometers 
of very high electrical fidelity, a precision 
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timing device and [speed-controlled pape; 
feed. It has twenty-eight electromagnetically 
damped coil galvanometers, assembled and 
hermetically sealed under controlled tem. 
perature and humidity conditions. Timing 
is provided by a synchronous motor driven 
by an oscillator, the frequency of which js 
controlled by a temperature-compensated 
tuning fork to within 20 parts in 1,000,000 
per degree Centigrade. Interval between 
each time line is 0:01 second. The timing 
oscillator also supplies the test signal needed 
for adjusting the amplifiers. 

An experiment of great practical value has 
been the seismic survey carried out under the 
auspices of the North-Western Division of 
the National Coal Board, who, early in 1952, 
began a programme of research to assess the 
value of geophysical methods in determining 
thickness of superficial deposits overlying the 
coal measures (“‘ A Seismic Survey,” by P. D. 
Brown, B.Sc., A.M.I.C.E., and J. Robert- 
shaw, B.Sc., A.M.I.C.E., The Colliery 
Guardian, September 17, 1953). A typical 
layout of the recording equipment and geo- 
phones is shown in Fig. 14 ; the vertical lines 
on the record are time markings spaced at an 
interval of 0-01 second, the uppermost trace 
indicating the precise instant at which the shot 
is fired. The twelve horizontal traces beneath 
this are records of the amplified electrical 
signals from the twelve geophones, the end of 
each trace giving the time when the vibration 
caused by the shot has reached the corrte- 
sponding geophone. 

If the ground be homogeneous then the 
first vibrations t6 reach the geophones will be 
“* direct waves ”’ travelling directly from the 
explosion along the ground surface to the 
geophone. Times of travel of these waves to 
each geophone will be proportional to the 
distance from the geophone to the shot point, 
and the slope of the time/distance curve will 
give the velocity of transmission of the 
elastic waves in the material. On the other 
hand, if the surface formation covers a 
different type of underlying formation which 
transmits these elastic waves at higher 
velocity, the direct wave will only arrive first 
at geophones placed close to the shot point. 
At the more distant geophones elastic waves 
which have been refracted through the under- 
lying high-speed formation will overtake and 
arrive ahead of the direct waves travelling 
near to the surface ; the corresponding part 
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Fig. 14—Seismic refraction method 
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of the time-distance curve will be a function 
of the velocity of the higher speed formation. 
The paths of the direct and refracted waves 
are illustrated in Fig. 14, the first part of this 
curve indicating velocity of transmission in 
the unconsolidated formation, the slope of 
the second part giving the velocity in the 
underlying rock formation. The point at 
which these two parts of the curve intersect is 
called the critical distance and occurs when 
the’direct waves in the surface formation arrive 
at the same instant as the waves refracted 
from the underlying rock. Depth to the 
refracting rock surface is obtained from the 
curve by using the following formula, 
generally referred to as the “ time intercept ” 
method : 
sninlt., <asidiellies 
2° 2 (V2—V;) 


where H is the depth to rock surface beneath 
the shot-point, V, and V, are velocities of 
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breaks disconnect the V, and V;, branches of 
the curves and are indicated by dotted lines 
on the time-distance curves. The breaks are 
due to a time displacement on two adjacent 
traces on the seismic record and amount to 
between 30 and 40 milliseconds, generally 
occurring at a distance of 160ft to 200ft from 
the shot-point. 

The most probable explanation of this 
unusual result is abnormal distribution of 
velocity with depth. Normally, the velocity 
of transmission of elastic waves in the ground 
increases with depth below the surface, each 
successive layer having a velocity greater than 
the layer above it. If a reversal of velocity 
occurs, and an underlying layer has a velocity 
lower than the layer above it, refraction of 
the elastic waves will not occur at the 
boundary of the two layers, so that the lower 
velocity member will not be represented on 
the time-distance curve. However, refraction 
will occur at the base of the low-velocity 
layer, but if the layer 
is not very thick the 
refraction will be limit- 
ed to high-frequency 
elastic waves only. 
As distance from the 
shot-point increases 
the high frequencies 
are attenuated, so that 
a stage will be reached 
when refraction from 
the base of the low- 
velocity layer will 
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Fig. 15—Time-distance curves and sections showing interpreted rock 


transmission of the elastic waves in the upper 
and underlying formations respectively, and 
t, is the intercept on the time axis of the V, 
branch of the time-distance curve. 

The case illustrated is a deliberately simpli- 
fied example, because it shows only a single 
refracting boundary, whereas in practice gen- 
erally many refracting layers are found. Each 
layer will be revealed on the time-distance 
curve if its velocity of transmission is greater 
than the overlying layer so that as a result 
refraction is possible. Slope of each segment 
on the curve will correspond to the velocity 
of transmission in each successive layer, the 
thickness of each layer being obtained from a 
simple extension of the above formula. 
Where strata dip, velocities of the refracting 
beds indicated on the time-distance curves 
are not true velocities, but a function of the 
angle of dip. In this case a shot is fired at 
each end of the line of geophones, so that 
two time-distance curves are obtained. One 
will indicate the up dip velocities, and the 
other the down dip velocities, from which 
true velocities can then be calculated. 

In the curves shown in Fig. 15 velocity of 
transmission in the weathered layer on this 
site (V,;) varied from 1600ft to 3000ft per 
second, this information having been obtained 
from the time-distance curves constructed 
for the 100ft profiles. The three slopes indi- 
cate velocities of transmission in the upper 
weathered layer, the underlying uncon- 
solidated layer, and the coal measures ; they 
are referred to as V,, V, and V, respectively. 

Results are somewhat unusual in that some 
of the curves show a break in continuity 
resulting in an apparent upward displace- 
ment of the latter part of the curves. These 


cease. This would ac- 
count for the discon- 
tinuity of the V, part 
of the time-distance 
which occurs at a dis- 
tance of 160ft to 200ft 
from the shot-point. 
Feet Interpretation of re- 
sults on this particular 
site was based on 
the assumption of an 
average velocity throughout the layer of 
unconsolidated material. The value of V, 
taken from the time-distance curves was 
5500ft per second, the higher velocity of the 
unconsolidated material. In order to obtain 
a reasonable average velocity, some assump- 
tion has to be made regarding the lower 
velocity of this material. This velocity must 
be less than 5500ft per second, and is prob- 
ably within the limits of 5500ft and 1500ft per 
second, as a velocity of less than 1500ft per 
second is unlikely in deep beds. The average 
of these values is 3500ft per second, which is 
a reasonable figure for the velocity of sandy 
beds likely to be found in glacial deposits 
forming the unconsolidated material. 

This site presented an unusual problem in 
the sense that anomalous results were caused 
by reversal in velocity with depth in the glacial 
deposits. In order to interpret observations 
made on this site it was necessary to assume 





Comparison of seismic results and boreholes 








Borehole Depth to rock | Depth to rock 
No. from seismic by drilling Error 
results 

Feet Feet Feet 

1 48 46 2 

2 53 57 4 

3 41 a4 3 

7 133 126 7 














an average velocity of the elastic waves in the 
glacial material, since direct measurement of 
the velocities was not possible. On another 
site results were quite normal and straight- 
forward interpretation was possible. After 
final interpretation of results had been 
achieved, data from boreholes previously 
made on the site were revealed ; this infor- 
mation is given in the table against correspond- 
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ing depths determined by the seismic survey. 
The mean error in the seismic results obtained 
above is only 6 per cent, which is considered 
to be very satisfactory in view of the experi- 
mental nature of the survey. Under normal 
seismic survey conditions an error not greater 
than 5 per cent can be expected where depths 
are similar to those given above. 

Considerable research has been devoted to 
the development of special explosive for 
seismic prospecting, and this has culminated 
in Geophex, a new explosive made by 
Imperial Chemical Industries, Ltd. In 
seismic prospecting a considerable depth of 
water is often used for stemming shot holes, 
so that a high pressure will be exerted on the 
explosive, whereby its density will be increased 
and its sensitiveness decreased. Hitherto 
the method generally adopted to counteract 
this effect has involved the incorporation of 
some low-density ingredients, in order that 
the density of the explosive would not become 
too high under compression. With such a 
method, however, there is a limit to the 
pressure which the explosive will support 
without losing its sensitiveness. Moreover, 
the presence of low-density ingredients makes 
an explosive porous, and if the charge is left 
under water for more than a short time it will 
absorb moisture and become insensitive. An 
entirely different principle has been adopted 
in Geophex, which makes the sensitiveness of 
this explosive independent of its density, and 
consequently the pressures reached in seismic 
prospecting cannot affect its explosive pro- 
perties. It has been designed as a 
per cent grade strength blasting gelatine, 
which is found in practice to be the most 
effective grade of explosive for seismic pro- 
specting. | When used with the special 
aluminium seismic detonators it has a velocity 
of 7000m per second. 

Generally speaking, electrical prospecting 
is the most widely employed geophysical 
method, because it can be applied to the 
solution of many different problems, since 
resistivity varies widely from one type of 
ground to another. Thus, it is about 1 ohm 
per metre for sand saturated with salt water 
and several thousand ohms per metre for 
crystalline limestone. This method is used 
exclusively for investigations below a depth 
of 100m, and it plays a major role in the study 
of alluvial deposits, sand strata and in 
analogous problems where the substratum is 
mainly marl or clay, and therefore a con- 
ductor. In the case of sand and gravel 
deposits, and of electrically resistant beds 
which overlie a conductive substratum, the 
case for electrical prospecting is very strong. 

Furthermore, it is the only method capable 
of giving indications on the nature of alluvial 
deposits, and of recognising those zones 
where the latter are most permeable. It is also 
the method used for geological study in 
following a resistant water-bearing horizon, 
surmounted by a conductive stratum. 

Seismic refraction is most suitable for 
application to a substratum of dense rock, 
such as limestone, igneous intrusions, schists, 
and resistant alluvial deposits, sands and 
gravels. It also permits of determining the 
depth of alluvial deposits, thereby acting as 
a direct method of finding water in this 
particular case. Seismic prospecting is 
slightly more expensive than the electrical 
method, about 200 lb of dynamite and 500 
detonators being consumed in a month’s 
work. 

It has been estimated that one month of 
geophysical prospecting is equivalent to about 
300ft of test boring. This comparison is very 
approximate, because the results obtained 
from a considerable amount of test boring are 
often disputable. 
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LANGEN SUSPENSION RAILWAY 


Sir,—Referring to the proposed Mono- 
rail transport system for Los Angeles, which 
was described in your issue of June 17th, 
a German forerunner was designed and con- 
structed over fifty years ago. As it is not 
known if the Langen Suspension Railway 
is still in existence the past tense is used in 
the following notes. 

The Langen railway connected the in- 
dustrial towns of Elberfeld and Barmen. 
It had a length of 8-5 miles and was opened 
to the public on March 1, 1901. There were 
eighteen stations on the line and the distance 
was covered in twenty-five minutes. The 
public authorities limited the speed to 
31 m.p.h. which gave an average speed of 
22 m.p.h. The track consisted of a single 
inverted “‘T” rail carried on R.S.J. beams 
which formed the lowest members of a lattice 
girder structure supported by “A” or ““U” 
shaped frames spanning the streets and, for 
part of the route, a river bed. Along the 
streets “‘U” shaped frames were used to 
give the maximum clearance for vehicular 
traffic. The track was approximately 28ft 
above ground and the clear headroom 
beneath a car was approximately 18ft. The 
supporting frames were spaced to give spans 
varying from 68ft to 108ft. The sharpest 
curves had a radius of 300ft. At intervals of 
900ft rigid double “‘ A ” frame supports were 
provided to give longitudinal stability to the 
track, allowance for expansion being made 
by ball and socket connections. The rolling 
stock consisted of single cars approximately 
37ft 6in long, 6ft 9in wide by 8ft 6in high. 
The cars, which seated fifty passengers, 
had tapered ends. Each car was suspended 
from two bogie trucks at 27ft centres. The 
bogies had two double flanged wheels driven 
by 36 h.p. geared motors which were fed 
with current drawn from a_ conductor 
rail—presumably direct current. The cars 
weighed 12-5 tons in running order and they 
were fitted with Westinghouse compressed 
air brakes in addition to magnetic brakes. 

Derailment was said to be impossible 
even if a wheel, or axle, failed, as the bogie 
frames were carried round the track beams 
in the form of a hook. Oscillation of the car 
was restricted by stops on the bogie frames, 
but the car could take up a natural inclina- 
tion on rounding curves. To eliminate 
rocking when passengers boarded or left 
the cars at stations each car was fitted with 
spring loaded stops which just cleared timber 
beams running the length of the platforms. 
The stops bore on the beams and checked 
any rocking motion due to the movement 
of passengers. At the stations heavy wire 
netting was stretched: below the cars to afford 
protection to traffic in the streets. The line 
was operated on the block signalling system 
with automatic signals controlled by track 

circuits. At peak traffic periods a headway 
of two minutes was maintained on each 
track. The cars were transferred from one 
track to the other by means of a switch and 
a steeply inclined rail on to a second track 


beneath the main line. They then passed 
round a loop and regained the main track 
by means of a second inclined rail and switch. 
Before the railway was constructed a test 
length was erected and track speeds of 47 
m.p.h. were attained on curves of 300ft radius. 
Speeds of 94 m.p.h. were said to be safe on 
curves of 1200ft radius. 

This railway anticipated so many of the 
features of the proposed Los Angeles line. 
that it hardly seems necessary to conduct 
trials on models of reasonable size in order 
to test the sway of the carriages on curves, 
or the signalling system, as reported by your 
American Editor. It would be interesting 
to learn if the Langen Suspension Railway 
is still in existence, or when it was closed. 
Probably it suffered the fate in store for the 
Liverpool Overhead Railway since its latticed 
steel “A” frames and track supporting 
girders must have been difficult to paint 
and they would deteriorate far more rapidly 
than the cast iron columns and girders of the 
Liverpool Overhead Railway. 

E. B. PARKER 

Llanferres, Flints. 

July 27th. 

[The Langen Suspension Railway is now 
better known as the Wuppertal Railway. 
It is still going very strong. Ep. THE E.]} 


GEOPHYSICAL PROSPECTING 


Sir,—I cannot be classed among the 
“* misguided but enthusiastic people” who 
are said by Mr. Hammond to maintain that 
water diviners are infallible, because I know 
of cases where they have failed, but I may 
perhaps be allowed to mention two instances 
within my own knowledge where the in- 
stincts of diviners have proved more trust- 
worthy than scientific reasoning. 

Many years ago, when in Dorset, I was 
invited to a house, the new owner of which 
badly wanted a water supply for his proposed 
dairy farm. The house was on the top of a 
long high ridge, and although there was a 
spring near the foot of the ridge, the prospect 
of finding water at the top seemed extremely 
remote. On my return to London I called 
at the Geological Museum in Jermyn Street 
to get their opinion on the matter. 
went to great trouble to help me, producing 
records and large-scale maps of the locality, 
and finally informing me that, while nobody 
could be certain of anything below the 
surface of the earth, the chance of finding 
water anywhere near the top of the ridge was 
negligible, as the hill was composed of 
Fullers earth, which was practically impervi- 
ous to water. 

This information was passed to the owner, 
who, nevertheless, decided to try. When I 
was next there he had started drilling, but the 
nature of the clay was making progress so 
difficult, even when water was poured down 
the hole to help, that he hesitated to continue. 
There was a labourer digging in a nearby 
garden, who, the owner said he had heard, 
was a water diviner, and whose opinion might 
be useful. He called the man, who, when 
told what was wanted of him, cut a forked 
twig from the hedge and after walking round 
the spot with the twig in his hands, said 
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positively that no water would be found 
there. He was then asked to try further 
afield, and at length he stopped at a much 
less convenient place about 50 yards away 
on the same level, where he said water would 
be struck at about 25ft down. I remember 
how he kicked up the turf to mark the precise 
spot for drilling, which seemed to ine a 
curious exactitude. I had been waiching 
him closely all the time, and remarked that 
I had not seen the twig bend downwards, 
He said it hadn’t ; he “ felt the water in his 
fingers,” but it was easy to hold the twig so 
that it would bend over the water, and he 
showed me how, but it would not work with 
me. I kept the twig for a long time as a 
memento. The rig was moved to the place 
he had indicated and a good supply of water 
was found almost exactly at the depth he had 
forecast. 

The other case concerned a fair-sized 
engineering works that was moving from 
London to the outskirts of a Midland town. 
The company needed a water supply of their 
own, and the managing director obtained the 
services of a water diviner from another part 
of the country, who was quite unfamiliar 
with the neighbourhood in question. The 
works manager, whom I knew well, a few 
years later told me how, after the drilling 
was started, the Borough Surveyor, who had 
some reputation as a geologist, had said to 
him, “‘I can tell you how to save a lot of 
money. I see you are drilling for water, but 
we are on the Oxford clay, and there is no 
possibility of finding water on your site; 
you would have to bore on the other side of a 
certain known fault inthe clay. The railway 
company put down two boreholes not far from 
you, and both were failures.” This, of course, 
was immediately reported to the managing 
director, who decided to ignore the Sur- 
veyor’s opinion and trust to the diviner. 
His faith was justified, for all the water the 
works needed was obtained from the bore- 
hole located by the diviner. 

R. H. PARSONS 

Upper Hazelhurst, 

Ticehurst, Sussex. 


H.M.S. GREY GOOSE 

Sir,—In the article entitled ‘ H.M.S. 
Grey Goose” in your issue of July 22, 1955, 
the statement is made that ‘‘ The sound level 
is more than 100 decibels.” I find it impossible 
to infer what the conditions actually were. 
As you are presumably aware, the bel is 
the fundamental division of a logarithmic 
scale for expressing the ratio of two amounts 
of power, the number of bels denoting such 
a ratio. being the logarithm to the base ten 
of this ratio. The decibel is one-tenth of a 
bel. The quotation, therefore, of a number 
of decibels is meaningless without reference 
to the basic power. This is usually taken as 
10-*watt. Although the decibel scale 1s 
used formally with reference to power it is 
also frequently used to express a ratio of 
pressures in which case the reference pressure 
is usually 0.0002 dynes per square centimetre. 
You will appreciate therefore, the doubly 
imprecise nature of the expression used in 
the article. Admittedly those dealing with 
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aoustics frequently use the db scale without 
yalification, but I am sorry to see THE 
ENGINEER lending face to such a practice. 


J. M. KIRKBY 
Havant, Hants. 
July, 26th. 
[Peccavi ! We have sinned. But good 
sometimes comes out of evil. Those 


engineers among our readers who are in- 
terested in acoustics but not specialists in 
thesubject may be glad of our correspondent’s 
clear exposition. Ep THE E.} 


RESILIENCE OF A GYMNASIUM 
FLOOR 


Sir,—I suggest that the letter “* Resilience 
of a Gymnasium Floor,” published in your 
issue of July 22nd, from Dr. D. Williams 
(who seems to be interested in anything 
that moves through the air) also explains 
the differences in comfort experienced when 
walking on various types of road surface. 
Although the deflections of the supporting 
surfaces are themselves very small, variations 
in them materially affect the loads applied 
to the foot, or part of the foot, as Dr. Williams 
has shown. 

C. E. PHILLIPS 
Wh.Sc., D.I.C., M.I.Mech.E. 
East Kilbride, Glasgow. 
July 29th. 


Literature 


Heat Conduction, with Engineering, Geological 
and Other Applications. By L. R. 
INGERSOLL, O. J. ZopeL and A. C. 
INGERSOLL. London: Thames and 
Hudson, Ltd., 244, High Holborn, W.C.1. 
Price 32s. 6d. 

Or the three main modes of heat transfer— 

conduction, convection and radiation—it is 

the first, the subject of this book, which is of 
more interest to engineers who are not 
primarily concerned with heat exchange 
equipment. Conduction is an important 
factor in welding, thermal stress generation, 
dam consolidation, machine cooling, plant 
insulation, and metallurgical treatment, to 
name only a few of the many possible 
examples, yet knowledge of the methods by 
which the conduction of heat can be under- 
stood quantitatively and so controlled is not 
widespread among engineers. The methods 
are of two types, both of which are treated 
by the authors in a way suited to students of 
engineering. ; 

The first approach is the . classical 
mathematical one developed by Fourier 
early in the last century, and which is capable 
of solving relatively simple problems with 
considerable elegance. Although the mathe- 
matical theory is not difficult it is seldom 
included in engineering degree courses. The 
authors therefore give a clear and simple 
introduction to Fourier series and other 
necessary mathematical ideas, in addition 
to using these ideas to solve practical heat 
transfer problems. The mathematics is, of 
course, not restricted in its application to 
heat conduction, and electrical engineers, for 
example, may benefit from reading this 
admirable restatement. 

_ The second and more modern approach 

is the use of analogue, graphical, 

and numerical methods of analysing heat 
flow. These are sometimes less elegant than 
the first type and often less accurate, but they 
have the great merit of being able to deal 
with problems of arbitrary complexity and 
of yielding rough answers very quickly. 
When the shape of the body in question 


THE ENGINEER 


differs from a simple geometrical form—and 
this is usually the case in engineering—or 
when the conductivity of the body is not 
uniform, these methods must be used. The 
numerical and graphical methods are de- 
scribed in the book in sufficient detail to 
enable the beginner to carry out complete 
calculations of two-dimensional steady flow 
and one-dimensional unsteady flow. 

The book may be highly recommended as 
an introduction to the subject. The constant 
illustration of ideas by practical examples is 
particularly praiseworthy, a whole chapter, 
for example, being devoted to the theory of 
the earth heat exchanger for the heat pump. 
If there is any criticism to be offered it is that 
the space allowed for the so-called auxiliary 
methods of heat flow analysis, the second 
type mentioned above, is too small in view 
of their greater flexibility and ease of use. 
This and the use of the adjective “ auxiliary ” 
suggest that the authors have an esthetic 
preference for the mathematical approach, 
which engineers often cannot afford to share. 


Applied X-Rays. Fourth Edition. By G. L. 
CLARK. London : McGraw-Hill Publish- 
ing Company, Ltd., 95, Farringdon Street, 
E.C.4. Price 89s. 6d. 


The first edition of this book had 251 
pages and could properly be described 
as an X-ray textbook. The present 
volume (fourth edition) has 843 pages 
and could appropriately enough be 
described as an X-ray encyclopedia. 
Every manifestation of X-ray phenomena 
receives mention, though unfortunately, 
albeit necessarily, such references are some- 
times all too short. The book is divided 
into two main divisions: (1) General 
Physics and Applications of X-Ray Radia- 
tion, having 285 pages; and (2) X-Ray 
Analysis of the Ultimate Structures of 
Materials, having 417 pages. There is also a 
very valuable appendix, consisting of a com- 
prehensive table of space-group symbols and, 
in addition, an excellent index. 

The first part of this book is concerned 
with descriptions of apparatus and general 
X-ray measurements ; for example, measure- 
ments of density, quality, and such like. 
The technique governing X-ray spectra in its 
relation to atomic structure is also dealt with 
in this division. There is a very interesting 
chapter which comprehends modern ultra- 
high-voltage radiography. It also deals in a 
very thorough manner with the absorption 
and the scattering of X-rays. Further 
matters dealt with in this division are con- 
cerned with micro-radiography. and some of 
the more specialised techniques that have 
particular applications. Chemical effects 
and biological effects of X-rays are also men- 
tioned in this division. On the whole, though 
much of the material in this division is more 
or less elementary and well known, yet it is a 
necessary part of such a book as this and is 
dealt with in a manner that will undoubtedly 
be of great use, especially to the non- 
specialist. 

The second division of this book is very 
much more attractive to the X-ray specialist 
or to the advanced physicist. There is a well- 
written chapter dealing with the theory of 
crystallography and X-ray defraction in 
general, and various techniques are explained 
with some thoroughness. There is an 
excellent chapter in which the author writes 
of the interpretation of diffraction in terms 
of elemental structure preparing the way, of 
course, for the consideration of detection by 
X-rays of residual strains in metals—a sub- 
jet so well dealt with in this book that one is 
tempted to wish there was more of it. As one 
would expect from the academic position 


189 


occupied by the author, a considerable 
amount of space is given to the relationship 
between X-rays and various aspects of 
chemistry. This section of the book bears 
the hallmark of the intimate touch of the 
master and should be of great value to those 
working in the particular fields dealt with. 

This book is undoubtedly an encyclopedia 
and as such it will probably find its greatest 
value in the library of a general physicist as 
a comprehensive reference book. It is 
possible that the X-ray specialist may not be 
so desirous of owning this book as the 
general physicist, as he may prefer ad hoc 
papers or books on a specific application of 
X-rays. Nevertheless, it is sure to be in 
great demand by the advanced non-specialist 
and by students of the subject. 


Precast Concrete. By KurT BILLIG. London: 
Macmillan and Co., Ltd., St. Martin’s 
Street, W.C.2. Price 32s. 

IN this well produced and amply illustrated 
book the author has aimed at a detailed 
review of the subject, and in this he has 
been largely successful. In places the 
review is not quite unbiased. It would 
appear that the author has a preference 
for the use of precast concrete, and more 
detailed attention might have been given 
to some of the technical and economical 
disadvantages mentioned. This is particu- 
larly so in relation to the use of the medium 
in countries having widely varying labour 
cost-material cost ratios. 

The book is divided into four parts 
dealing with 1, Principles, Design and Pro- 
duction; 2, Precast Units and Structural 
Members; 3, Joints; and 4, Structures. 
Part 4, being a description of a great many 
examples of the technique, is the most useful 
section of the book, and should be of service 
to architects and engineers interested in 
the possibilities of the subject. The book 
is written in general terms and does not 
offer a great deal to the designer. Excepting 
the combination of precast and prestressed 
concrete—a section of the subject which 
is more related to the latter and is 
dealt with in publications on prestressed 
concrete—the joint details for precast con- 
crete are still clumsy and the main deterrent 
to its adoption in many cases. Readers 
in this country will find little new in the 
chapter on concrete technique. Most of 
the information contained therein has been 
amply covered in other publications. Indeed, 
it is surprising to find the slump test still 
advocated as a control technique. 

Whilst the book does not present much 
new matter it will, as a review, appeal to 
those specifically interested in or concerned 
with precast construction. But to the more 
widely practising architect or engineer it 
cannot be regarded as an essential volume 
for his own library. 
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Exhibition of Peaceful Uses of 
Atomic Energy at Geneva 


No. I 


WO exhibitions have been arranged to 

tun concurrently with the international 
conference on the peaceful uses of atomic 
energy, which opens at Geneva on Monday, 
August 8th. Here the British contribution 
towards progress in the development of 
nuclear power, specialised instrumentation, 
and the application of radioactive isotopes 
in industry, medicine and agriculture, will 
be illustrated by the exhibits of the U.K. 
Atomic Energy Authority and of a number 
of British firms. 

One of the exhibitions will be held at the 
Palais des Nations and will be purely 
scientific, being intended mainly for members 
of the seventy or more delegations attending 
the conference. In this exhibition the U.K. 
Atomic Energy Authority will have a display 
covering 30,000 square feet dealing for the 
most part with nuclear reactors for research 
and for power generation, and with instru- 
ments and techniques of measurement 
which have been evolved for work in this 
field. Models of a number of reactors will 
be shown here : they will include one of the 
Calder Hall reactors ; one, 7ft 6in square by 
8ft 6in high, of the Harwell heavy water 
reactor DIDO (“‘ E443’), and one, 4ft 6in 
square by 5ft 6in high, of the second Harwell 
heavy water reactor, PLUTO ; both DIDO 
and PLUTO are now under construction at 
Harwell. 

The other exhibition, which is intended to 
appeal to the general public as well as 
delegates, will be staged in the Palais des 
Expositions. Here both sides of the British 
effort—represented by the U.K. Atomic 
Energy Authority and private industry— 
will be represented. The Authority’s exhibit 
will cover 7000 square feet, devoted to a 
comprehensive survey of its work in extending 
the beneficial uses of atomic energy. There 
will be a detailed model of the Calder Hall 
power station and another of the breeder 
reactor experimental power station to be 
built at Dounreay. A large model, 19ft by 
15ft 4in by 5ft 6in high of DIDO will also be 
exhibited. 


DIDO, THE HEAVY WATER REACTOR “‘E443 ” 


In DIDO, which is the nickname of an 
experimental reactor being built at Harwell 
heavy water is used instead of graphite as a 
moderator. It is of interest to Harwell for 
research rather than for power generation, 
since it is capable of yielding a high neutron 
flux which reduces the time needed for pro- 
ducing some ratioactive isotopes having a 
high specific activity and for carrying out 
work on the effects of neutron radiation. 
DIDO will give a total heat output of about 
10MW, which is more than that of the older 
graphite-moderated pile BEPO, and its 
neutron flux (10"* neutrons per square centi- 
metre per second) will be some fifty times 
that of BEPO. 

DIDO is being built at Harwell. The 
main contractor for the construction of the 
reactor itself is Head Wrightson Processes, 
Ltd., 24, Baltic Street, London, E.C.1, who 
collaborated with the Atomic Energy 
Research Establishment, Harwell, in the 
design of the project. The buildings and 
services are the responsibility of the Ministry 
of Works. 

In its general design DIDO is similar to the 
“* CP-5 ” heavy water reactor at the Argonne 


National Laboratory of the U.S. Atomic 
Energy Commission, but the new reactor 
will have a higher power output. It is cooled, 
as well as moderated, by heavy water. An 
alloy of enriched uranium, contained in 
aluminium cans, is used for the fuel elements. 
The reactor core, consisting of a number of 
these fuel elements, is immersed in a cylin- 
drical aluminium tank containing heavy 
water, which serves as a reflector to increase 
the volume available for experimental work 
at high fluxes. Around this reflector there is 
a second cylindrical reflector consisting, this 
time, of graphite blocks to give additional 
volume for work at lower fluxes. Aluminium 
tubes or thimbles project into the graphite 
or heavy water reflectors to accommodate 
specimens for irradiation. Control of the 
reactor is exercised by pivoted flat arms of 
cadmium-plated steel, which can be lowered 
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The controllers, which operate inside the 
reactor, are driven by gearboxes located on 
the outside of the reactor shield and remote} 
operated from the control room. The 
location and function of the main assemblig 
is briefly described here. 

Coarse Control Shut-Off Group.—Six com- 
bined control and shut-off controllers of the 
semaphore-arm form (Fig. 1) (Containing 
cadmium neutron absorbers designed to 
absorb all the built-in activity plus a working 
safety margin) operate in the lattice spaces 
formed between the rows of fuel cicments 
Each semaphore arm has an operating range 
of 56 deg. down from the horizont::!, The 
controllers are moved in synchronism to 
increase reactivity at a slow rate, and are 
manually controlled to give an accuracy of 
movement of one minute of arc over the 
operating range of 56 deg., taking ‘wenty. 
five minutes in either direction under norma! 
operating conditions. 

An additional “ Fast-In” speed is pro. 
vided in which the controllers take five 
minutes to cover the operating range. Under 
emergency conditions, however, the cop. 
trollers will “ trip ” (in less than one second) 
to shut down the reactor. This action js 
achieved by the release of a magnetic clutch 
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Fig. 1—Diagrammatic view fof control system for ‘‘ E443 ’’ heavy-water-cooled, heavy-water-moderated 


reacter. 


There are six semaphore arms for coarse control and shut-off and there are two safety rods 


and one fine control rod 


or raised semaphoreJfashion {(as¥described 
more fully below) to absorb more or less 
neutrons. The complete reactor will be 
housed in a cylindrical steel building, with a 
domed top, about 70ft in diameter and 7Oft 
high. This steel shell is designed to contain 
any highly radioactive fission products that 
might result from an accident, such as the 
melting of a fuel element. 

The experimental facilities of the reactor 
DIDO will form the subject matter of a paper 
to be presented at the Geneva conference 
by H. J. Grout and D. W. Fenning, of 
Harwell. 


CONTROL SYSTEM FOR DIDO 


The control system for the heavy-water- 
moderated, heavy-water-cooled _ reactor 
DIDO was designed and manufactured by 
H. M. Hobson, Ltd., Wolverhampton, 
Staffs, in collaboration with the Atomic 
Energy Research Establishment, Harwell. 
Models and sectional illustrations of the 
control system are being shown on the com- 
pany’s stand at the Palais des Expositions. 

The Hobson-A.E.R.E. control system con- 
sists of three main groups of controls : 

1. Coarse Control/Shut-Off Group. 

2. Regulating, or Fine Control Group. 

3. Safety Rod Group. 


situated between the controller and its 
associated gearbox. 

The controllers are driven remotely by a 
master gearbox, situated in the control room, 
which employs Selsyn synchronous link power 
transmission to drive the six slave gearboxes 
which, in turn, are mechanically coupled to 
the control arm units. 

Each control arm unit (Fig. 2) includes a 
shielded plug portion which extends through 
the reactor top shield into the sealed reactor 
tank, to form a bearing at the lower end for 
the pivoted control arm. The plug portion 
houses the operating mechanism and the 
necessary shielding material. To maintain 
adequate shielding in the plug portion, 4 
simple linkage is employed to operate the 
control arm. This linkage is in the form of a 
pivoted lever and connecting-rod assembly, 
the latter being in two parts which are 
coupled by an electromagnetic clutch. 

Under normal conditions of operation the 
rod is maintained integral but, after de- 
energisation of the electromagnetic clutch, 
the control arm will fall freely under gravity 
to the 56 deg. or “In” position, where it is 
approximately in the centre of the core zone. 
To absorb the inertia of the cadmium filled 
control arm, a special spring assembly 1s 
incorporated. 

When the controller is horizontal it is in 
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“Out” position ; the “In” position is 
jmited by a positive mechanical stop. This 
top is necessary since the position of “ free 
hang,” i.e. vertical, is not the position of 
maximum reactivity control. Limit switches 
we employed to operate warning lights on 
the control desk at the extreme limits of 
control arm movement. The mechanical 
sop which limits the “In” position of the 
contro! arm is protected by a locked cover, 
the key of which is held in the control room 
and interlocked with the current supply to 


Fig. 2—Coarse control arm unit of ‘* E443 ’’ reactor. 
The semaphore arm (right) has an operating range 
from the ‘‘ Out ’’ position when it is horizontal to 
the ‘* In ’? position when it is 56 deg. below horizontal 
and is near the centre of the reactor core zone 


the electromagnetic link. Removal of the 
key causes all six controllers to “trip” and 
shut down the reactor. If it should be 
necessary to remove the controller the stop 
can be removed and the control arm placed 
in the vertical (removal) position, to be with- 
drawn into a heavy shielded flask positioned 
over the hole in the top shield. Seals are 
employed to prevent the escape of helium 
from the reactor during removal operations. 

The helium blanket covering the surface 
of the heavy water is prevented from escaping 
past the moving parts by means of a long 
stainless steel flexible bellows assembly, sealed 
to the connecting-rod and the fixed plug 
portion. Iron shot concrete shielding is 
employed to fill the spaces in the plug 
portion. 

Master Gearbox for Coarse Control Group. 
—The master gearbox (Fig. 3) is installed in 
the control panel and it employs three a.c. 
motors feeding through a two-stage dif- 
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Fig. 3—Control system for ‘E443’ reactor. The 

master control gearbox shown here uses a system of 

Selsyns and Magslips to relay signals from the control 

desk to the operational assemblies of the coarse 
control system 


ferential and an overload clutch, to drive the 
Selsyn synchronous link, which is responsible 
for operating the controllers remotely via the 
slave gearboxes. The total reduction from 
the slow “‘ In/Out ” motors to controllers is 
482,400/1, and from the fast “In” motor 
the reduction is 96,480/1. The range of 
controller movement is governed by the 
setting of the limit switches in the gearbox, 
and these determine the total number of 
revolutions of the transmitter Selsyn in either 
direction. 

Magslips are employed, with suitable 
gearing, to provide coarse and fine indication 
of controller movement on the control desk ; 
the movement can be read to 0-01 deg. 
Misalignment of any one controller is detected 
by an error-measuring system using a 
reference Magslip on the gearbox, an ampli- 
fier, and a coincidence Magslip on each slave 
gearbox. A “trip” will occur if the error 
exceeds one minute of control arm move- 
ment. 

Slave Gearbox for Coarse Control Group.— 
Six slave gearboxes (Fig. 4), each incorporat- 
ing a receiver Selsyn fed from a single Selsyn 
in the master gearbox, transmit the drive to 
the controllers through shafting and coup- 
lings. The output shaft of each unit is geared 
down 134/1 from the slave Selsyn, and 
is coupled at one end to the main drive shaft 
through a vernier phasing coupling, the 
other end of the main drive shaft being 
coupled to the control arm unit. 

The gearbox output shaft also drives the 
coincidence error measuring Magslip that 
is initially phased to the reference Magslip 
in the master gearbox by a motor, housed in 
the gearbox, which receives its supply from 





Fig. 4—One of the six slave gearboxes. Each gear- 

box incorporates Selsyn and magslip units, a zero 

setting error meter and gear train to give the final 
drive to the coarse control arm 
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the error amplifier. The Selsyn normally 
operates at 75 and 375 r.p.m., but an addition- 
al speed of 450 r.p.m. is obtainable by driving 
two of the master gearbox motors together. 

Regulating of Fine Control Group.—The 
function of the regulating group is to provide 
a means of maintaining a steady power 
level, by initiating compensation for reac- 
tivity changes occurring within the reactor 
and for changing the level when required. 
The system is fast acting and absorbs a 
limited maximum value of reactivity. Manual 
or automatic control can be selected at will. 
The group comprises one fine-control rod 
mechanically coupled to its associated drive 
gearbox and remotely operated from the 
control room. 

The fine-control rod assembly consists of a 
stainless steel tubular control rod, which ex- 
tends downwards into the reactor core, and 
houses a cadmium neutron absorber at its 
lower end. One end of the control rod is 
threaded to receive a worm-driven nut, rota- 
tion of which causes the rod to move in and 
out of the core zone, the total range of travel 
of 24in being accomplished, at maximum 
speed, in ten seconds. Provision is made 





Fig. 5—Safety rod control gearbox for the ‘* E443 ”’ 
reactor. It contains a magnetic clutch and quick- 
release trip mechanism, which operates the emergency 
shut-down control, an electric motor for winching up 
the cable of the safety rod after an emergency release, 
and a potentiometer for positional indicating pur- 
poses. The safety control system is duplicated 


for top and bottom electrical limit switches, 
and lin overrun is allowed in each direction 
before mechanical stops are encountered. 

The control rod operates within a sealed 
aluminium tube to avoid the necessity for 
seals to the moving parts, failure of which 
would cause a loss of helium. Water cooling 
is used, to prevent excessive temperature 
rise from the heat generated in the cadmium 
absorber ; the highly active water circulates 
through the centre of the rod and back 
through the annulus between the rod and its 
stainless steel covering thimble. An electri- 
cally-operated leak detection probe is pro- 
vided near the top of the unit. 

The fine-control gearbox is _ installed 
in a recess at the top of the reactor, and is 
mechanically coupled to the fine-control 
rod through a ball-bearing-mounted coupling 
shaft. A servo motor, with feed-back for 
positional control, is mounted directly on 
one end of the coupling shaft. The gearbox 
includes a Magslip, suitably geared, for remote 
indication and recording in the control room, 
of the control rod position. Local indication 
is also provided. Mechanical and electrical 
limits are included, together with means 
for absorbing the motor rotor inertia in the 
event of limit switch failure. 

Safety Rod Group.—The obvious require- 
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ment of providing emergency shut down is 
catered for primarily by the coarse control 
shut-off group. The less obvious but none- 
the-less necessary provision of a “ cocked ” 
control absorber at all times, even when 
shut down, is included in the control of the 
reactor. Prompt shutting down is effected 
by a group of two rods, known as “ safety ”’ 
rods, having two positions only, i.e. in or 
out of the reactor. This group is released 
at a “trip” shut down, but must be with- 
drawn before major changes are made to 
the built-in reactivity of the system, such as 
those involved in loading and in changing 
of experimental set-ups. 

The safety rod consists of an aluminium 
tube containing the cadmium absorber, 
and is suspended from a cable attached to 
the safety rod gearbox. To avoid the necessity 
for gas seals around the cable, the rod 
operates inside a closed-end tube extending 
down through the reactor. 

The safety rod gearbox (Fig. 5) is designed 
to release and wind up a drum, around 
which is wound the cable suspending the 
safety rod. Interposed in the gear train 
from the driving motor to the drum is an 
electromagnetic clutch which, when de- 
energised, allows a gravity fall of the safety 
rod into the reactor core. During the latter 
part of this fall, the kinetic energy is absorbed 
by an arresting spring, housed in the cable 
guide tube. The rate of withdrawal of the 
rod is regulated so that it takes eight minutes 
to reach the “Out” position. Indication 
of position is given through a potentiometer. 


CALDER HALL POWER STATION 


A number of firms who are participating 
in the Calder Hall power station in collabora- 
tion with the United Kingdom Atomic 
Energy Authority will be taking part in the 
Geneva exhibition. 

Calder Hall power station will consist 
essentially of two reactor buildings linked 
by the turbine hall, administrative buildings 
and works and services. The main contractor 
for these buildings and the cooling towers 
is Taylor Woodrow, Ltd., and this company’s 
exhibits at Geneva will consist mainly of 
large photographic enlargements showing 
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various aspects of the constructional work. 

The first part of the contract was placed 
on July 22, 1953, and site work was started 
in August with a labour force of 120, increas- 
ing to about 2000. Progress since then can 
be estimated from Fig. 6, which is reproduced 
from a recent photograph. The main civil 
engineering work on the first reactor was 
completed within twelve months of the start. 

Each of the two reactor buildings is 
founded on a concrete raft, about 130ft by 
107ft by 11ft deep, reinforced in both direc- 
tions ; the volume of concrete in each raft 
is about 5600 cubic yards and the weight of 
reinforcing steel (mainly lin diameter) 
about 230 tons. The rafts were constructed 
in four lifts, with each lift divided into a 
number of bays. Alternate bay construction 
was adopted throughout. To allow for 
shrinkage, a period of three days was specified 
between the concreting of alternate bays. 
Two 7-ton derricks were erected on tracks, 
one each side of the excavation, for the 
placing of steel and concrete. 

The octagonal “ biological shields ” were 
built on the foundation rafts : for the dual 
purpose of structural support and shielding 
against nuclear radiation, the concrete had 
to meet exacting requirements of high density 
and uniformity. The reinforced concrete 
walls, 7ft thick, were built to heights of 90ft 
above the rafts and were pierced with holes 
and ducts on the east and west faces. Further 
reinforced concrete shielding, in the form of 
envelope walls around the faces, was also 
incorporated. Suspended floors inside the 
envelopes provided access and working 
platforms at different levels. Again, alternate 
bay construction was adopted with a three- 
day interval between alternate bays. 

Two concrete batching plants, fed by 
individual grabbing cranes and a central air 
flow bulk cement handling plant, were set 
up. By steam heating the aggregates (local 
limestone and whinstone from Northumber- 
land) and water, and by using calcium 
chloride, concreting operations were con- 
tinued in cold weather. Portable petrol 
internal vibrators, supplemented on occasions 
by air vibrators, were used and the concrete 
was hand-compacted where specified. A 


Fig. 6—Calder Hall power station under construction for the U.K. Atomic Energy Authority. The reactor 
buildings are 120ft high. No. 2 reactor is in the foreground and No. 1 reactor with one of the cooling 
towers is in the background beyond the administration block and the turbine house 
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wetting agent was used to avoid excess wate, 
in the mix, so as to prevent high shrinkage 
The very close tolerances (+0: lin) on boi) 
vertical and plan true dimensions demandej 
in the construction of the walls of the 
biological shield called for the design ang 
erection of an accurately made octagona| 
template. 

When complete the concrete shicld wa 
lined with a large circular steel vessel made 
by Whessoe, Ltd. A 200ft high derric 
was used to lower the sectional rings of the 
vessel through the top of the shield 
after which they were welded together 
At each corner of the reactor build. 
ings, 17ft diameter by 80ft high cylin. 
drical steel heat exchangers were erected by 
Babcock and Wilcox, Ltd., on heavy founds. 
tions constructed by Taylor Woodrow, Ltd, 

A reinforced concrete roof slab 8{t thick 
covers the shield. Bailey bridges are being 
used to support permanent mild steel shutter. 
ing, and this roof will have to be cast around 
a very large number of charging and other 
tubes from the steel vessel. 

The turbine hall group of buildings com. 
prises the main turbine hall, incorporating 
steam annexe and transformer bays, the 
control block and administration building; 
and workshops. The main turbine hall has 
a structural steel framework with asbestos 
cement cladding and patent glazing, with 
the roof of patent steel decking covered with 
three layers of bitumen felt. The foundations 
incorporate ducted mass-concrete plant bases. 
Four identical turbine blocks, each to house 
turbo-alternator sets of 21IMVA capacity, 
were concreted in one pour in each case, 
The steam and alternator ends on each block 
comprised 125 cubic yards and 175 cubic 
yards of reinforced concrete respectively, 
on surface areas of 225 square yards and 
415 square yards respectively. 

As already indicated, the power station 
will consist of a control turbine hall having 
a reactor at each end. The useful heat from 
each reactor will be used to generate steam in 
four vertical cylindrical, 80ft high towers, 
which were illustrated on pages 832 and 902 
of THE ENGINEER, Vol. 197, 1954. 

The heat available from the graphite- 
moderated uranium reactors is transmitted 
by the coolant, carbon dioxide under 
pressure, to the steam raising plant. Use is 
made of the two-pressure steam cycle and 
in each of the 80ft towers there are separate 
h.p. and lI.p. sections, each consisting of 
economiser, evaporator and superheater with 
independent drum and feed pump: All the 
heating surfaces in the towers are of flash- 
welded stud-tube construction to give greater 
surface for heat transfer. The complete 
steam-raising towers, with the associated 
feed pumps and auxiliaries are being supplied 
by Babcock and Wilcox, Ltd., and they will 
be represented, at the Geneva exhibition, ina 
display designed to show the company’s 
association with steam power development 
in the past, present and future. 

Another exhibitor at Geneva will be C. A. 
Parsons and Co., Ltd., the manufacturer o! 
the circulating gas blowers, pipework and 
turbo-alternator plant for the Calder Hall 
power station. The l.p. section of these 
turbines will receive live steam direct (from 
the I.p. section of the steam generator) as 
well as steam which has previously been 
expanded in the h.p. blading. 

(To be continued) 





SYMPOSIUM ON CAVITATION.—The National Physical 
Laboratory announces that a Symposium on Cavitation 
in Hydrodynamics will be held at the National Physical 
Laboratory from September 14 to 17, 1955, inclusive. 
Attendance will be by invitation and those interested 
are asked to communicate with the Director of the 
Laboratory. 
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Pametrada’s Progress Report 


for 1954 


HE report for 1954 which has been published 
Tceatiy by Pametrada states that, under its 
director, Dr. T. W. F. Brown, considerable 
progress has been made in the various research 
items and comments that the most interesting 
development is that of the cooled gas turbine. 
A new Office block and workshop were com- 
missioned during the summer and a successful 
instructional course on marine geared steam 
turbine machinery was held in October. The 
work of the Research Board and the various 
technical committees is broadly outlined and 
ten research reports are listed as being issued to 
member firms, while fifteen contract reports 
were prepared and sent to the Admiralty, and 
five were issued to individual firms. Several 
papers were delivered by members of the staff 
and the report records those given by Dr. Brown 
to the Institution of Mechanical Engineers, the 
Institution of Naval Architects, and the Uni- 
versity of Nottingham; B. J. Terrell’s paper 
read before the North-East Coast Institution of 
Engineers and Shipbuilders, and the joint paper 
presented by R. F. Darling and C. F. Anderson 
to the National Gas Turbine Establishment. A 
total of ten provisional patents has been applied 
for, and there is a list of the eight full patents 
granted during the year in Great Britain, together 
with a reference to the patents granted by other 
countries. 


STEAM TURBINE RESEARCH AND DESIGN 


A total of sixty new design inquiries were 
handled by the staff and resulted in the placing 
of anumber of orders. However, as an outcome 
of the number of successful designs, orders for 
repeat designs greatly exceeded those placed for 
new designs. Several of the design studies con- 
cerned the use of very high temperatures and the 
design section was represented at over twenty 
acceptance trials, including the liners ‘* Arcadia,” 
“Orsova’’? and “Saxonia,” and the high- 
pressure, high-temperature machinery installa- 
tions in the oil tankers “*‘ World Harmony ” and 
“Esso Westminster.” On trial the design 
expectations of the machinery in the second of 
three fast naval vessels for Venezuela were fully 
realised. Several oil tankers mentioned in an 
earlier report were completed and an examination 
of the results indicated that the designed power 
had been exceeded and that greater workshop 
control was necessary to avoid variation in the 
power developed. Hull vibration and turbine 
vibration have been checked while on voyage, 
and the shop trials of mixed-pressure turbo- 
alternators, with attached gear-driven feed 
pumps were attended, while questions of design 
have been discussed with auxiliary manufac- 
turers. Other points of interest in the report 
concern the construction of h.p. turbine double- 
casing designs, and the completion of the first 
installations of Pametrada design built by foreign 
licensees. During the year the work of the boiler 
section commenced and plans have been prepared 
for a heat transfer investigation on the Pame- 
trada separately fired superheater, with a view to 
gathering data for a superheater to operate at 
steam temperatures over 1000 deg. Fah. 

A list of instruments received by the Admiralty 
Noise Reduction Section is given, and the 
report notes that the design of a gear noise test 
rig was finalised and that the installation of the 
pump test rig was completed. Tests using the 
latter rig indicated that the electrical driving 
motor was mainly responsible for the noise and 
vibration. Other noise measurements were 
completed on the “ Y.100” turbo-blower and 
silencers, the Blackwood class turbo-blower, and 
the Whitby class turbo-alternator. According to 
the report, only a short period of running was 
achieved on the high-temperature steam turbine 
(“ Pamela ””) owing to certain shrouding failures. 
However, the casing distortion results proved 
consistent and modifications to the exhaust 
piping expansion arrangements proved satisfac- 
tory. Work on non-condensable gases in steam 





proceeded and it is considered that the rate of 
progress made it possible for steam samples from 
boilers and turbines to be analysed this year. 
A rotor balancing instrument with an accuracy 
of +5 deg. and a response to pedestal vibrations 
from 0-0001in per second upwards, is being made 
up and remote control developed for the mech- 
anically tuned system. The report goes on to 
record the completion of the water-extrac- 
tion apparatus and dryness fraction meter ; 
tests with about 12 per cent exhaust wetness 
showed that with three stages of extraction the 
moisture removed was 12 per cent of the moisture 
at exhaust. 

After clearing the test bed of “ Y.100” 
machinery the erection of Y.E.A.D.I. prototype 
machinery proceeded and the report briefly 
states the position with regard to the double- 
casing h.p. turbine trials. In the matter of 
components, two trials have been completed 
in the turbine blade research scheme on a six- 
blade batch and the method of assessing the 
ratio of vibrational and steady bending stresses 
has proved to be almost correct. Results from 
the condenser test programme were notable for 
the high temperature of the air-stream mixture 
extracted by the air ejector, the high heat loading 
of the tubes inside the air tent, the reasonable 
regeneration and uniformity of the circulating 
water flow, and the general agreement of heat 
distribution with predictions. Cold oil trials, it 
is reported, have been completed on the ‘‘ Imo ” 
pump, testing of a flexible steam pipe has been 
completed, and further work has been carried out 
on a new form of blade root suitable for brazed 
segmental blading on gashed rotors. With 
regard to the single-stage air turbine research 
scheme, a high-speed ball bearing replaced the 
air bearing, and proved satisfactory, and a static 
load of up to twice the air bearing torque was 
applied to the Tufnol half coupling. Some work 
was carried out to determine an impulse blade 
form suitable for supersonic flow and it is con- 
sidered that the experience will assist in the build- 
ing of the high-speed cascade tunnel. Further 
test rubs, it is reported, have been carried out and 
a new rub-operating cam has shown that when 
rubbing contact load is applied at a lower rate, 
twice the metal removal occurs with the same 
energy loss. The report touches upon other 
research items, such as the high-speed wind 
tunnel, the satisfactory operation of a guarding 
valve for sensitive vacuum gauge, the tests on 
the wooden models of high-pressure high- 
temperature steam valves, and the adaption of a 
model of the outer casing of a double-casing h.p. 
steam turbine for distortion tests. 


Gas TURBINE DESIGN AND RESEARCH 


According to the report, the gas turbine 
design section dealt with three inquiries, two 
8000 s.h.p. and one 6400 s.h.p. units, all for 
merchant ships. The effects of design con- 
ditions on overall performance have been investi- 
gated and a new pattern of tied universal pipe 
joint has been designed. The report comments 
upon the potential value of liquid-cooled -high- 
temperature gas turbine development, and gives 
a progress summary of construction suggesting 
that a turbine will be ready for testing this 
year. In the development of liquid blade 
cooling difficulties were encountered in providing 
enough heat input over the blade surface. Water 
was used in the blades in the first tests and gave 
effective cooling; however, the report states that 
liquid metal fillings avoid the setting up of high 
vapour pressures. It was shown under test that 
the single-stage turbine rotor blades with one 
internal cooling passage would be stressed 
beyond the safe bursting stress when filled with 
water, and a liquid metal alloy filling was adopted. 
The report goes on to mention that nozzle 
blades of zircon with 24 per cent of chromic 
oxide had good thermal shock resistance but low 
creep strength at 2200 deg. Fah. Another 
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material, having constituents of chrome and 
alumina, proved to have similar characteristics, 
while a silicon carbide gave evidence of some 
improvement. The combustion chamber is 
stated to have four independently operated 
flame tubes, an arrangement which reduces 
thermal shock. Several flame tubes have been 
developed and the chamber has been assembled, 
having two refractory lined and two different air- 
cooled designs. There are four spill controlled 
fuel sprayers and the by-passes are adjusted so 
that with one sprayer shut off the additional 
pressure on the spill manifolds increases the 
output of the remaining sprayers and reduces 
thermal shock. Preliminary tests on the com- 
bustion chamber have gone forward and the 
report mentions the flushing and proving of 
systems, ignition, calibration tests, instrumenta- 
tion, and other ancillary work. 

Of the more general research items, inter- 
changeable fuel sprayers and retracting mech- 
anism have been tested, work has been done on 
the experimental compressor and on com- 
bustion chamber development. 

A heat exchanger is being designed for flows 
of 3lb per second, three atmospheres pressure 
on the air side, a thermal ratio of 70 per cent and 
a maximum gas temperature of 1000 deg. Fah. 
Various test programmes have been carried out 
on the problem of ash fouling and corrosion in 
gas turbines and the use of powdered additives 
investigated, especially the question of dis- 
persion. There is a brief statement, in the report, 
of the damage sustained by the 3500 s.h.p. 
marine gas turbine due to an explosion, for 
which certain reasons are advanced, and details 
are given of the reconstruction programme. 


GEARING, LUBRICATION AND TECHNIQUES 


The A.V.G.R.A. 12,000 h.p. back-to-back 
gears were run with load-carrying additive oil to 
polish the teeth scuffed in a previous test, and the 
8500 h.p. set of gears were run to destruction 
during the year, a test pinion tooth breaking at a 
loading of 522K, the equivalent loading gear K 
being 386. The first set of gears for Pametrada 
back-to-back trials are now on test and other 
gears are being manufactured. In the work 
on components the report mentions the con- 
tinued performance investigations of thin shell 
journal bearings, including one having a length/ 
diameter ratio of one-third, and tests with a 
plain bearing using a special lubricant. In 
the pursuit of developing a bearing which, in 
the event of a lubricating oil supply failure, is 
capable of supporting the rotor without damage 
to the journal, while the turbine runs down, a 
bearing of safety strip design using a copper-tin 
sinter as a safety, has proved to be satisfactory. 
Progress, it is claimed, has been made with 
astern converter type “A” and tests on an 8in 
model showed that it suffered no loss of effi- 
ciency and was suitable for carrying and develop- 
ment work. An efficiency of 64 per cent has now 
been obtained with the type “‘C”’ model converter. 
Experimental work has continued on the lubrica- 
tion of sliding and rolling surfaces, including 
the pitting of induction hardened surfaces and 
the relative scuffing properties of various com- 
binations of marine gear steels. A paper 
examination of air and steam lubricated bearings 
has been made and a design for an experimental 
air bearing prepared, and the report notes the 
possibilities of the single-tooth test machine, 
which is now available. 

Instruments are the subject of the fourth part 
of the report, which mentions the development of 
a method for investigating stresses in loaded 
helical gears and experiments with high-tempera- 
ture strain gauges. A lightweight noise and 
vibration meter having a range of 80db to 
120db has been developed, a low-frequency 
wave analyser instrument is being built and an 
integrating power meter developed and made 
during the year. Section No. 5 deals with the 
development of new techniques and it is stated 
that in the bolt seizing tests the use of molyb- 
denum disulphide has proved beneficial and that 
an important factor is thread surface finish. A 
“ Dry-Box ” for handling liquid metals has been 
established and reference is made to the investiga- 
tion into the effect of molten copper-base 
brazing alloys and silver solders on mild steel, 
stainless iron, Monel and Hecla A.T.V. : 
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Precast Concrete Factory Structure 


A factory for the manufacture of precast concrete products, at present being built at 
Denton, near Manchester, comprises a number of precast, prestressed concrete 


arch frames. 


HE accompanying illustrations depict various 
Tine in the erection of a factory building at 
Denton, near Manchester. This structure 
consists of a number of arched frames, “ V ”- 
shaped in cross-section, which span about 90ft 
and are 15ft in width. They are spaced at 25ft 
centres, and the space between each pair of 
frames is to be covered with hipped glazing. 
The arches are carried on tapered “ V ’-shaped 
columns which are prestressed. Each arch is 
assembled on a frame at ground level, and 
subsequently raised by jacking. The precast 
column elements are added successively, being 
temporarily bolted in position, as erection pro- 
ceeds. This method of erection has been used 
on concrete structures before (for instance, the 
Marignane hangars in France, and the Melsbrock 

in Belgium) but generally for much 
heavier, longer-span work. We are informed 
that it has proved satisfactory and economical 
in this particular case, where the overall width 
of the frames is 92ft. 

The factory has been designed by Matthews and 
Mumby, Ltd., and is being erected by that firm 
for its Own use in the manufacture of precast 
concrete products. When completed, the accom- 
modation will comprise administrative and design 
offices, a casting shop, 250ft by 90ft, for precast 
floor beams and other relatively small units, a 
bar-bending shop of 150ft by 90ft, and a mecha- 
nics’ shop of 50ft by 90ft ; there will also be a 
joiners’ shop and ancillary buildings. The 
uncovered areas of the site will be used for 
casting and prestressing large members such as 
bridge beams, and for stacking and curing floor 
beams. The casting shop will take the greatest 
possible advantage of mechanisation. There 
will be fourteen casting beds, 150ft long, for 
prestressing on a long-line system. Suspended 
from the roof and extending the whole length of 
the shop will be fourteen monorail crane-tracks, 
each placed centrally over a casting bed, used for 
distributing concrete from the central mixing 
plant and for carrying the hardened beams from 
the beds to one end of the shop where they can 
be placed on trollies and moved to the curing 
areas. Provision will be made for heating the 
beds to enable a twelve-hours’ cycle to be 
maintained. 

Both the casting shop and the one building 
accommodating the bar-bending and mechanics’ 
shop required uninterrupted floor areas of the 
largest possible dimensions and it was, therefore, 
decided at an early date to use single spans of 
90ft. After consideration of several methods, 
the most suitable form of construction appeared 
to be a series of wide precast concrete arched 
frames with prestressed ties at the intersections 
of the arches and the columns. The ties serve 
also to support the monorail tracks. To achieve 
an even distribution of light over the working 
space the hipped roof lights were made 10ft 
wide, extending over the entire width of 90ft, 
the 15ft wide, “‘ V-shaped arches acting as a 
reflecting surface to assist in eliminating glare, 
which will further be reduced by the “* Venetian 
blind ” effect of the longitudinal monorail tracks. 
Glazing will be fixed between the columns to 
within 4ft of the floor, the remaining depth being 
filled with brickwork. The prestressing cables 
joining the springings of each arch are sup- 
ported by fourteen hangers from which are hung 
a beams of 25ft span carrying the monorail 
tracks. 

Sufficient heat to give an equable working 
temperature will, it is considered, be provided 
by the heating for the rapid curing of the precast 
concrete and no other source of heat is to be 
installed. The glazing bars in the roof lights are, 
however, designed so that double glazing can be 
fitted. The “V-shaped roof eliminates the 
necessity for separate gutters as the rainwater 
from the lights and the arches is carried in the 





The arches are erected on the ground and jacked into position. 


natural shape of the roof to the down pipes at 
each column. 


DESIGN AND CONSTRUCTION OF THE FRAMES 


Each frame consists of twenty-two precast 
elements ; fourteen identical elements, 6ft long 
by 15ft wide, together with two end blocks, form 
the arch itself and there are three “‘ V ” -shaped 
tapering elements in each column. To reduce 
their weight for handling the elements forming an 
arch are ribbed on their upper surfaces, as shown 
in our first illustration, and the spaces thus 
formed are filled with concrete after erection. 
As cast, the elements are 24in thick. This 
thickness, it is considered, would normally be 
sufficient for the purely structural functioning 
of the arch frames, but in this case there are 
somewhat heavy live loads, and the additional 
weight was needed to allow further prestressing 
to achieve the design conditions outlined in the 
paragraph below. The cranes available were not 
of sufficient capacity to handle the completed 
element at the required 
height and reach, so the 
in-situ. additional con- 
crete was needed. As 
cast, each element weighs 
about 2} tons. 

Four prestressing 
cables form the tie be- 
tween the springings of 
an arch, and there are 
four external cables to 
each column. 
column cables are an- 
chored at the top in the 
corner element between 
arch and column, and 
at the bottom in the 
in-situ base of a column. 

The frames are de- 
signed to carry the roof 
loads plus fourteen 1-ton 
loads from the mono- 
rail tracks. The bend- 
ing moments due to the 
dead and live loads were 
first computed, assuming 
the structure to be a 
monolithic frame. The 
bending moments due to 
a unit horizontal force 
applied to the corners 
of a frame were then 
calculated ; it was thus 
possible to determine a 
prestressing force to be 
applied by the tie of such 
a magnitude that it im- 
posed on the frame a 
bending moment equal but opposite in effect to 
that due to the dead loads plus one-half the live 
loads. In the final condition, therefore, when the 
live loads are not acting the frame is subjected 
to a bending moment tending to deflect the arch 
upwards, and when the live loads are acting 
to a bending moment tending to deflect the arch 
downwards; the bending moment causing 
either of these deformations is one-half of 
the total bending moment due to the live loads 
only. Consequently, the maximum stresses in 
an arch, due to working loads, are extremely low, 
being about 350 Ib per square inch in tension or 
compression. The prestressing cables in the 


columns are placed so as to impose no bending ° 


moments on the frame. Having determined the 
prestressing force, about 200,000 Ib, required in 
the completed structure, it was necessary then 
to determine the order in which the ‘cables 
were to be tensioned, having regard to the 
method of erection. The horizontal and verti- 
cal cables are contained in metal sheaths and 
will be grouted when the work is complete. 
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ERECTION OF THE FRAMES 


The precast elements are cast, in timber 
moulds, on the site in positions as near as pos- 
sible to the frames of which they will form part. 
The 1 : 14 : 3 concrete used on the site for other 
precasting work was used for the arch elements. 
Its strength is about 4000 Ib per square inch, a 
very considerable margin over the figures given 
above for working loads, but the highest stresses 
are those experienced during handling and 
erection. 

The method of erection is to place the elements 
forming an arch on a trestle at ground level 
(this stage of the work is illustrated), to make the 
joints between adjacent elements and, after the 
joints have hardened, to stress two of the four 
cables joining the springing of an arch. The 
arch is then raised by hydraulic jacks, and the 
column elements attached as the arch is raised. 
Finally, the complete frame is lowered on to its 
bearings and the column cables are stressed. 

The light trestle on which the arch elements 
are first placed is of tubular scaffolding with a 
central steel joist as a bearer. It is mounted on 
wheels. A steel lifting frame is bolted to the 
elements and is designed to allow an element to 
be tilted easily from its vertical position as cast 
to its horizontal position as placed. The 
elements are raised by a mobile crane, and 
between the crane hook and the frame is a hand- 
operated hoist allowing an element to. be lowered 
accurately into position. The elements are 
aligned and levelled in the timber chocks and 





Erection of an arch frame. The cross beam of the erection rig, from 
which the structure is carried, is raised in 9in steps by hydraulic 
jacks. A column element has just been positioned in the background 


packings on the trestle. They are spaced lin 
apart and the gaps are filled with a 3 : 1 mortar 
of sand and high-alumina cement. The voids 
between the ribs in the arch elements are then 
concreted. After two of the cables have been 
tensioned the arch is raised by a steel lifting 
frame at each end. The total weight lifted in 
this operation is about 75 tons. 

The two lifting frames are illustrated on page 
196 ; each one consists of two braced columns 
formed of steel channels placed back to back, 
and with an 8in space between them in which 
slides an 18in by 6in lifting joist and bearing 
plates for hydraulic jacks. Attached to the 
lifting joist is a platform from which the men 
operating the jacks work and are raised with the 
arch. The bearing plates are held in position by 
steel pegs passing through holes in the webs of 
the columns. The four jacks, placed between the 
bearing plates at each column and the two 
lifting joists, raise the arch and the men 9in at a 
time. The lifting joists are then pegged to the 
columns, the jacks removed and the bearing 
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plates lifted to the next position for a further 
9in lift, all the work being done by the men on 
the lifting platforms. When the arch is raised 
sufficiently a column element is attached to the 
corner elements, or to the previous column 
element by bolts and steel angle cleats. When an 
entire frame is raised in this manner the joints 
between the column elements are made, the frame 
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lowered on to a mortar bed and the four vertical 
cables in each column are stressed after the mortar 
has hardened. The third horizontal cable is 
tensioned after half of the remaining dead loads 
are added, and the fourth horizontal cable is 
tensioned when all the dead loads have been 
added. This method of construction has allowed 
two frames to be erected each week. 


Reaction Propulsion Engine for 
Helicopters 


A TURBO-GAS-GENERATOR to power 
helicopters, the Napier “* Oryx,” illustrates 
one of the less frequent methods of transforming 
engine power into aircraft lift. The exhaust 
from the engine is passed through the hub of the 
helicopter rotor(s), along the blades, and out 
through nozzles at the blade tips to drive the 
rotor. This method of coupling power plant 
and rotor saves weight and reduces maintenance 
costs, besides rendering it easy to adopt multi- 
engine installations. Since propulsive efficiency 
and material limitations alike demand large 
quantities of relatively cool gas, the exhaust of a 
simple jet engine cannot be used in this way, and 
the new plant incorporates an auxiliary com- 
pressor to supplement the main gas stream. The 
power output is 750 gas horsepower: this 
represents the power available if the gas stream 
was supplied to a turbine of 100 per cent adiabatic 
efficiency, or a helicopter rotor running with a 
tip speed equal to the efflux velocity and no 
internal pressure or temperature losses. The 
engine has a diameter of 19}in, ignoring the 
collector that delivers the gases, and the unusually 
small proportions of many of the components 
are frequently emphasised when the engine is 
studied in detail. 

The flow of air and gas through the engiix 
can be seen illustrated in Fig. 2. The main com- 
pressor has variable-incidence inlet guide vanes 
controlled by a servo motor, distinguishable in 
Fig. 1 as a light-coloured item on top of the 
compressor. Variation of the blade angle 
extends throughout the speed range, though it is 
most marked at low speeds, and depends solely 
on turbine speed. The compressor has twelve 
stages and the rotor is built up from wheels 
secured by nine through-bolts, which act as 
dowels where they pass from one disc to the 
next. The outermost wheels carry the bearing 
hubs, there being no shaft through the com- 
pressor. The blades are attached by fir tree roots. 
End thrust on the rotor is balanced by bleeding 
air from the ninth stage back to the intake end 
through three holes corresponding to the bolt 
holes, but not passing through the last two 
wheels. The stator, which is split horizontally, 
embodies two forms of blade construction, the 


first three stages being shrouded and carrying 
a diaphragm and integral gland on the inner 
ends of the blades. The blades of the next eight 
stages have small platform rocts and are fitted 
in through slots in four split rings bolted inside 
the casing : thus the blades, dismounted, have 
no characteristic stagger angle. The rings are 
of magnesium alloy and the slots are broached : 
rotor and stator blades are aluminium bronze. 

Downstream of the fifth stage air is bled from 
the compressor to pressurise the bearing seals 
and cool the helicopter rotor hub ; the filter for 
this first bleed is prominent below the compressor 
in Fig. 1, and the outlet for the second, incor- 
porating a non-return valve, can be seen above 
it in the same transverse plane. 

The twelfth stage stator blades and the 
exit guide vanes are mounted in the main support 
plate. This carries one end of the rotor on a ball 
bearing, the other being journalled in a parallel 
roller bearing. Cast into the plate is the diffuser, 
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while rings of smaller holes give film coolj 

The air passing through the last ring of holes 
however, is not mixed with the gas, bu: used to 
cool the turbine inlet casing. A simple sprayer 
faces upstream and is controlled by supply 
pressure : a shroud round the burner is cooled 
by air entering through a slot, clearly visible 
in the illustration, immediately within the casi 

The combustion chambers are interconnected 
and two of them have high-energy spark igniters 

The turbine inlet casing is fabricated from 
Nimonic material, and cooled by the air fom the 
combustion chambers mentioned above. The 
nozzle blades are cast individually from X.40 a 
Stellite derivative, and it is not found det: ‘mental 
for them to be exposed to radiation from the 
flame ; the cooling air passes both outside and 
inside the first stage nozzles. 

The turbine rotor includes two discs of ferritic 
steel splined on to a hollow shaft and bolted up : 
this construction is made possible by effective 
air cooling of the discs. The cooling air jg 
admitted behind a large balance piston, some of 
it passing through a gland and out along the 
front of the first stage wheel, the remainder by 
way of the hollow shaft to the back of this and the 
second wheel. The air is spread over the discs 
by scrolls. Within the shaft there is a hollow 
sleeve sealed from the cooling air. The second 
stage nozzle vanes are clamped at their inner 


Fig. 2—F low diagram of the turbo-gas-generator. The two-way valve unit is shown rotated 90 deg. about 
| the vertical axis from its true position 


dividing into five ducts feeding the combustion 
chambers, and an annulus collecting air for 
turbine cooling ; the engine mounting pads here 
and on the collector may be seen in Fig. 1. 

A dismantled combustion chamber can be 
seen in Fig. 3 ; the two parts of the outer casing 
fit together with no sprung or resilient seal, and 
the male member is spherical. Primary air passes 
through the annular opening in the flame tube 
and through a swirler; secondary and tertiary 
air passes through plunged holes in the tube, 


Fig. 1—A mock-up of the Napier ‘‘Oryx.’’ The two-way valve unit is normally installed on the airframe 


ends between plates forming a diaphragm, and 
the diaphragm at its inner circumference carries 
a gland to meter the cooling flow to the front of 
the second wheel. The rotor blades of the two 
stages are Nimonic 90 and 80A respectively, and 
are secured by fir tree roots, fitted with finite 
freedom to allow for expansion ; this also damps 
vibration. 

The turbine rotor is carried on a parallel 
roller bearing at the inlet end and a ball bearing 
at the exhaust. The roller bearing housing is 
supported on five spokes from the brazed steel 


“tube frame that joins the turbine casing to the 


main support plate; of the five spokes, two 
carry oil to and from the bearing and a third 
air to pressurise the oil seal. The main com- 
pressor is driven by a muff coupling with straight 
splines ; to assist exact alignment of turbine 
and compressor, they are mated with the shaft 
vertical. The outlet end bearing is located by 
three spokes from the casing, and a gear type 
coupling drives the auxiliary compressor through 
a quill. 

The auxiliary compressor has four stages ; 
the rotor discs are splined on to a shaft, but 
otherwise it resembles the low-pressure end of 
the main compressor. The inlet guide vanes are 
adjustable for matching purposes only. The air 
from the auxiliary compressor and the gas from 
the turbine meet in the collector, which is so 
designed that the gas is surrounded by cooler 
air, so that the ducting and two-way valve 
remain well below the mean temperature of the 
stream. As is clearly shown in Fig. 5, the annulus 
receiving the turbine exhaust is divided into 
seven, and these seven channels can be seen 
emerging in the centre of the top face. The air 
is delivered to the outer shell of the collector 
and leaves through the belt surrounding the 
gas ducts. The two-way valve is joined to the 
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Fig. 3— A dismantled combustion chamber and burner 


collector by a piston-ring seal, since it is attached 
to the aircraft ; its purpose is to allow one engine 
to be shut down in a twin-engine installation, 
and also to facilitate starting and ground running. 

In Fig. 4 a butterfly in the discharge to atmo- 
sphere is shown closed, and when it is in this 
position movement of the non-throttling valve 
does not alter the back pressure on the turbine. 
At starting, the butterfly remains open up to 
about 50 per cent speed. 

Control of the turbine is by a single lever 
acting through the fuel metering unit, which 
maintains engine speed against variations in 
atmospheric temperature and pressure, subject 
to an overriding limitation on turbine inlet 
temperature ; this unit can be seen on top of the 
compressor in the illustration. Fuel is supplied 
by a pump mounted on the intake casting of the 
main compressor. Similarly mounted are the 
starter motor, in line with the compressors and 





Fig. 5— The collector seen from the turbine end. 
The exit flange has a piston ring joint to the two- 
way valve unit 


turbine, and the oil pump. The pump has one 
delivery element, feeding through an integral 
filter to a valve which provides oil at 135 Ib per 
square inch for the servo operating the two-way 
valve and at 80 Ib per square inch for engine 
lubrication, and three scavenge elements, each 
divided into two so that there is a separate 
scavenge for each main bearing. Lubricating 
oil is synthetic. Loss of oil from the bearings 
is prevented by maintaining an air pressure drop 
across the labyrinth seals ; in the case of the 
two pairs of bearings each side of the turbine, 
only one seal for each bearing is provided, and 
the couplings run in the oil mist in their common 
sumps. Centrifugal force prevents the oil passing 
through holes in the quills and out of the auxiliary 
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compressor intake casting with the sealing air ; 
nevertheless, an oil consumption of 1 pint per 
hour is quoted for the engine. 

At full power the engine runs at 21,900 r.p.m., 
the main compressor handling 9-9 lb of air per 
secoad at a pressure ratio of 6:1 and the 
auxiliary delivering 5-1 lb at a pressure ratio of 
1-8. Owing to pressure losses and cooling 
bleeds, the turbine expansion ratio is only 3-14 
and the gas delivery 14:41b per second, the 
delivery temperature being 760 deg. Fah. With 
increase in altitude the fall in mass flow is accom- 
panied by a slight drop in output temperature. 
Continuous maximum speed is 21,000 r.p.m., 
giving 610 gas horsepower at a specific fuel 
consumption of 0-735 lb per horsepower-hour. 

A contract was given for the “Oryx” in 
November, 1951, and the prototype ran two 
years later; 1350 hours of test bed running 
have been completed and a type test will be 
attempted this year. Development to higher 
powers is anticipated to yield 900 h.p. before 
1957. 





High-Speed Ball Mill 


A NEw high-speed ball mill particularly 
suitable for small batch as well as bulk produc- 
tion is now being made by Steele and Cowlishaw, 
Ltd., Hanley, Stoke-on-Trent. As can be seen 
from the illustration below it is built on modern 
lines combining a compact construction, acces- 
sibility and ease of maintenance. 

The machine operates with four porcelain or 
stainless steel pots, each of which has a 
milling capacity of 24 gallons. On _ the 
machine the pots are arranged around a central 
shaft in containers carried on the main revolving 
drum. These containers revolve on ball bearings 
and the pots are secured in them by guide action 





Ball mill with four interchangeable pots and suitable 
for batch or bulk production 
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Fig. 4—Dismantled two-way non-throttling valve 


clamps, the design being such that samples can 
be taken from the pots without removing them 
from the machine. Whilst the machine is running 
the pots are rotated on their axes by driving 
chains. By this arrangement whilst the pots 
are rotated in an anti-clockwise direction at a 
very high speed round a vertical steel shaft 
they are at the same time spun clockwise on 
their own axes. Thus, as the jars rotate, the 
grinding medium and material being milled are 
at the same time thrown by centrifugal force 
to the furthermost side of each jar to speed the 
grinding process. 

The machine is driven by a 10 h.p. squirrel 
cage motor through a fluid drive hydraulic 
coupling and worm reduction gearing. It is 
not necessary to clean the mill between runs 
and after processing the pots can be quickly 
removed and freshly charged pots substituted, 
to reduce standing time to a minimum. 





Titanium Project in the U.S.A. 


It is announced that Imperial Chemical 
Industries, Ltd., and Columbia-Southern Chemi- 
cal Corporation, of Pittsburgh, have submitted a 
joint application to the United States Govern- 
ment for a contract under which the government 
would undertake for a five-year period to pur- 
chase 5000 short tons of granular titanium metal 
a year. In their application to the government 
for a contract the companies have stated that 
they have completed arrangements for the 
introduction into the U.S.A. of a granular 
titanium process not at present employed there 
and would also make available to fabricators 
techniques not at present known or employed in 
the U.S.A. Ifa contract is awarded in pursuance 
of their application, Imperial Chemical Indus- 
tries, Ltd., and Columbia-Southern Chemical 
Corporation will form a jointly-owned subsidiary 
for the purpose of producing granular titanium 
metal by the I.C.I. sodium reduction process. 
The parent companies will each hold a 50 per 
cent interest in the new company, which would 
be known as Columbia Titanium Company. The 
plant would be built at Natrium, West Virginia, 
and would have a capacity of 5000 short tons per 
annum. The cost of the proposed granular 
titanium metal plant will be in the region of 
10,000,000 U.S. dollars. 





RETIREMENT OF Dr. D. PARKINSON.—We are informed 
by Dunlop, Ltd., that Dr. Donald Parkinson, the 
authority on the reinforcement of rubber with carbon 
black to resist tyre wear, will retire at the end of August 
from managing compounding research at the Dunlop 
Research Centre, Birmingham. Dr. Parkinson was a 
lecturer in geology at Queen’s University, Belfast, and 
in 1925 he joined Dunlop, Ltd., to study compound 
research. In 1936 he obtained the degree of D.Sc. from 
Birmingham University, and two years ago the Insti- 
tution of the Rubber Industry awarded him the Colwyn 
Gold Medal for his ‘‘ conspicuous scientific and_tech- 
nical services to the rubber industry.”” He is a Fellow 
of the Institution of the Rubber Industry, the Institute 
of Physics, and of the Geological Society. 
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Extension to Rugby Radio Station 


Bye July 28, 1955, the official opening took 
place of a large extension to Rugby radio 
station which had been under construction for the 
last three years. It occupies a site of 700 acres 
adjacent to the old station which, it will be re- 

led, was first opened on January 1, 1926, for 
the transmission of telegraph messages on 18,750m 
wavelength, and later enlarged to include tele- 











switching required. Information about the 
working of every transmitter is constantly 
displayed, and further facilities are provided 
for checking in detail any particular trans- 
mission. Claimed to be the most complete 
system of remote control at present in use in 
any large transmitting station in the world, 


the installation has made possible a considerable _ 


Fig. 1—One of the three transmitter halls as seen from central control position 


phone and telegraph transmitters working in 
the 10-100m wave band. Situated in an area of 
900 acres, the old station with its twelve 820ft steel 
masts forms a landmark for miles around. 
The increasing demand for radio communica- 
tion services over the last quarter of a century 
led to the installation of additional transmitters at 
other post office stations, and to the construction 
of a new station in Wales during the war. In 
spite of this, it became necessary to provide 
yet another large station to cater for further 
expansion of radio-telephone, telegraph, and 
picture services to many parts of the world. 
The present station houses twenty-eight high- 
frequency transmitters with their auxiliary 
equipment. These work on various frequencies 
and have to be connected to any one of several 
aerials. 

The majority of the fifty-eight aerials so far 
provided are multi-wire rhombics which, being 
non-resonant, work over a wide range of frequen- 
cies. By adopting a non-resonant design, 
the number of aerials required has been reduced 
to a minimum, and switching arrangements 
have been kept as simple as possible. Con- 
nection to the station building is made by high- 
voltage open-wire transmission lines, and within 
the building itself balanced co-axial feeders 
are employed. 

Fig. 3 shows one of the two inter-connected 
direct selector switches which are driven by 
motors. Each of the fourteen transmitters 
served by each switch is connected to a separate 
horizontal switch deck, and up to six of the 
aerial feeders which descend vertically on both 
sides of the switch can be connected to any one 
deck. By means of a switch at the central con- 
trol desk, any transmitter can be connected to 
any one of the six aerials. The sloping tubes 
shown in the illustration are cross-connections 
to the other switch. Additional aerials will be 
installed later, the available area being sufficient 
to accommodate up to about 100. 

For the control of performance by continuous 
monitoring special automatic equipment has 
been installed which is supervised from a single 
permanently staffed position. This control 
point, which is shown in Fig. 2, also carries the 
daily frequency changing (six pre-selected fre- 
quencies for each transmitter) and any aerial- 


saving in manpower, requiring only one or two 
men. For the checking of telegraph transmis- 
sions, special equipment is located elsewhere 
in the enclosure. 

The control point is centrally . situated, with 
three transmitter halls (Fig. 1) radiating from it 
at right angles. These halls also house the 
aerial-selector switches, and low-power an- 
cillary equipment. Two kinds of drive unit 
are installed which translate the signals arriving 
by land-line from London into forms suitable 
for application to the transmitters. One is for 
telephony, multi-channel telegraphy, and picture 
transmission, the other for different methods 
of telegraphy. These drive units deliver 
low-power signals centred on a frequency of 
3-1 Mc/s to the transmitters, all of which are 
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Fig. 3—One of two motor-driven aerial selector 
switches 


of the same type regardless of the transmis- 
sions for which they are used. 

Each drive unit includes a monitoring receiver 
which in conjunction with other apparatus 
automatically compares the signals arriving 
at the station with those leaving the transmitter, 
and indicates any falling off in quality at the 
control desk. 

Low-power signals from the drive units are 
translated by the transmitters into any required 
frequency between 4 and 27-5 Mc/s (wave- 
length 75m to iim) and raised in level to 
some 20kW to 30kW, before being delivered 
to the aerial feeder system. By preserving 
very accurately the form of the signals, each 
transmitter can deal with several independent 
signals without appreciable interaction. In 
this way, for example, four telephone channels, 
or two telephone channels and six telegraph 
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ig. 2—Central control desk 
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channels can be handled by one transmitter 
without mutual interference. Harmonic radia- 
tion, Which is a potential source of interference 
with television, is negligible, the power being 
of the order of 0-02W. 

Administrative and other accommodation is 

ovided in a separate curved wing at the front 
of the building. The main and emergency power 
supplies are brought from the old station by 
two high-voltage feeders which terminate in 
sub-stations behind the new building. 
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Overall design of the station was carried out 
by the General Post Office Engineering Depart- 
ment which also provided the external, and some 
of the internal plant. Transmitters, aerial 
switches and associated equipment, as well as 
the central control position, were designed and 
manufactured to Post Office specifications by 
Marconi’s Wireless Telegraph Company, Ltd. 
The buildings were designed by the Chief Archi- 
tect’s Division, Ministry of Works, and con- 
structed by Foster and Dicksee, Ltd. 


Training of Engineers 


FOR nearly forty years the education depart- 
ment of Metropolitan-Vickers Electrical Co., 
Ltd., has been administering apprenticeship 
schemes for the giving of practical training 
combined with educational instruction. During 
the years both the pattern and extent of the 
training have changed so that the functions of 
the department are much more extensive and 
complex. It is now responsible for the recruit- 
ment, selection, and training of all apprentices 
as well as running a works school recognised 
by the Ministry of Education and at present 
the numbers of men, women, youths and girls 
undergoing training total about 2700. We 
recently were given the opportunity to visit 
the education department of the company 
to see the various grades of apprentices 
undergoing practical training, the theoretical 
training facilities, the recreational opportunities 
and something of the organisation which controls 
the various schemes and also maintains an 
interest in the individual members. 

We were welcomed by the director of research 
and education, Dr. Willis Jackson, who briefly 
outlined the activities of the various works 
forming the company and expressed concern 
at the lack of technicians. He maintained that 
the essential “ raw material ” of industry was the 
young recruit, upon the efficiency of whose train- 
ing the ability of the country to continue to 
support a high standard of living was largely 
dependent. To-day it was necessary to have 
the will to put forth industrial effort and the 
ability to design and devise equipment which was 
better than elsewhere and which would improve 
the product and so keep ahead of competitors. 
There was, he said, a discrepancy of some 
30 per cent of the number of science graduates 
required in engineering and that since 1951, 
there had been a decline in numbers, while at the 
same time the entrants to the engineering 
schools were not keeping pace with demand. 

Despite the fact that many more boys took the 
National Certificate Course at both higher and 
ordinary levels more boys were needed, a need 
with which was linked the expansion of facilities 
at the colleges. There were two factors to con- 
sider and they were, he thought, the availability 
of young men and the ways and means of attract- 
ing them into industry. Compared with to-day, 
it was estimated that the absolute number of boys 
between the ages of sixteen to eighteen years 
of age would increase by 20 per cent by 1960 
and by 40 per cent by 1964. As the need was for 
more scientists Dr. Jackson hoped that more 
boys would continue to stay at school to take 
the General Certificate at advanced level and 
said that, according to an education report, 
although 10,000 boys attained advanced level 
at least 5000 boys, who had the ability to continue 
to the advanced level, left school after attaining 
ordinary level. Many of these boys entered 
industry, but Dr. Jackson felt that it would have 
been more advantageous to have stayed at school. 
With regard to public schools, he advocated 
some change in the system together with improved 
scientific equipment and more widespread infor- 
mation regarding the opportunities in engineer- 
ing. 


The manager of education department, 


Mr. Kenneth R. Evans, outlined the objects, 
the scope and the overall plan of the training 
schemes which set out to train men as well as 
engineers. He emphasised the flexibility of the 
arrangements and the number of schemes which 
were designed to attract boys from school and 
young men from universities into industry. There 


was a long established tradition of co-operation 
in the company in matters concerned with 
apprentice training largely stemming, Mr. Evans 
pointed out, from the fact that many of the 
executive directors and most of the heads 
of departments, section leaders, feremen and 
others had passed through the education 
department. 

As already indicated the company has formu- 
lated several training schemes, and for engineer- 
ing students at universities and senior technical 
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colleges there is a two year college apprentice- 
ship for which the candidate is provisionally 
accepted after being interviewed and the 
acceptance is confirmed upon his obtaining his 
degree. The course is divided into two parts, 
the first consisting of practical workshop ex- 
perience combined with a course of lectures, 
while in the second the graduate will be engaged 
on a course dealing with design, manufacturing 
organisation, and research allied with more 
advanced engineering studies, possibly directed 
towards a selected product of the company, 
and sponsored by a departmental head. For 
boys who are seventeen years of age and over, 
and have continued at school after taking the 
General Certificate of Education at ordinary 
level and may have taken the examination at 
advanced level, there is a School Apprentice- 
ship Course. The duration of the course is 
four years and it has for its aim that all members 
should attain the standard of corporate member- 
ship of the Institutions of Mechanical or Electrical 
Engineers. 

The Special Apprenticeship Course, designed 
to produce technicians, caters for boys leaving 
grammar schools at the age of sixteen to seven- 
teen, and covers a period of five years. In 
common with the School Course, the Special 


The education department, offices, works school and gymnasium 





Part of main workshop of apprentice training school 
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Course first stage of training is in basic mechani- 
cal and electrical workshop practice. Part time 
day release is arranged for attendance at a 
technical college and opportunity is given, to 
those boys who show excellent all round progress, 
to transfer to the School Apprenticeship Course. 
To train skilled craftsmen where is a_ trade 
apprenticeship for which recruitment is from 
secondary modern schools and _ technical 
schools. The boys enter as probationers, and 
attend the works school, and then upon selec- 
tion spend a period of intensive training in the 
apprentice training school before passing 
into the works. 

Another scheme supported by the company 
in collaboration with a technical college is the 
“Sandwich” Diploma Course which is open 
to selected boys from the School, Special and 
Trade Apprenticeship Courses. The principle 
of the course is that six months’ full time in 
the works alternates with a similar period in 
college over a total period of four years, the 
sequence of practice, theory and practice often 
providing the best arrangement of training. 
Yet another system of training for the professional 
engineer is the Probationary College Appren- 
ticeship Course which consists of one year’s 
workshop experience before proceeding to the 
university followed by, after graduation, a 
further year at the works to complete training. 

During our tour of the education department 
and works school it was possible to form an 
appreciation of the excellence of the equipment, 
and of the care and individual attention paid to 
each apprentice by the members of the staff. Many 
activities of the school are run by the apprentices 
themselves and they are accorded personal access 
to the staff to discuss difficulties and plan future 
movements. The physical side of education is 
not neglected and there is an excellent gym- 
nasium available where the boys receive 
instruction during working hours and can 
volunteer for additional training. A visit was 
paid to the apprenticeship training school 
which: covers an area of 40,000 square feet 
including 21,600 square feet occupied by the 
main workshop, part of which we illustrate. 
The workshop is equipped with a wide range 
of tools and machines and the various displays 
of work were indicative of the value of the 
intensive basic training in workshop practice 
and theory. 





Water Supply Scheme in Northern 
Kenya 


DurInc his recent tour of Kenya’s Northern 
Province, bordering on Ethiopia and Somalia, 


the Governor, Sir Evelyn Baring, inspected 
works completed under the Northern Province’s 
£360,000 water supply project, known as the 
** Dixey ” scheme, which the Kenya Government 
is constructing with money provided by the 
Colonial Development and Welfare Fund. 
The Dixey report emphasised that the Northern 
Province contains much good grazing remote 
from permanent water supplies, and it was clear 
that if either temporary or permanent water 
supplies could be provided in these districts, 
then over-grazing and consequent denudation 
near permanent supplies would be reduced. 
Because the low rainfall and high evaporation 
in the Province make underground water the 
obvious choice, Dr. Dixey’s proposals were 
based on wide use of boreholes. The works 
which he recommended covered hundreds of 
square miles in semi-arid country, much of it 
with few means of communication and in areas 
far removed from the normal activities of the 
public works department. When, therefore, 
the Kenya Government decided to put Dr. 
Dixey’s ideas into practice, Messrs. Howard 
Humphreys and Sons, Nairobi, were in 1949 
appointed consulting engineers for the execution 
of the scheme under the general direction of the 
public works department hydraulic engineer. 
As the preliminary work developed in 1950, 
the importance of daily communication through- 
out the scheme became apparent and resulted in 
the provision of five radio transmitter-receivers, 
the cost of which has been saved many times over 
by rapid notification of field requirements. 
Towards the end of 1950 it was decided that, 
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before proceeding with the project as a whole, 
a pilot scheme to assess costs and probabilities 
should be carried out. 

The pilot scheme—drilling a series of holes 
in the Samburu district—which was completed 
in June, 1952, showed that boreholes were ex- 
pensive due to the uncertainties of drilling, the 
high cost of boring and equipping and the 
difficulties of subsequent maintenance and opera- 
tion. It was agreed, therefore, that the scheme 
should follow a pattern of surface water works 
and shallow wells and that boreholes should be 
used only if other possibilities failed. Work was 
then carried out in four districts at the same time 
—Isiolo, Garissa, Wajir and Moyale—but it 
was found impossible either to supervise or supply 
satisfactorily works so widely scattered. It was 
accordingly decided to concentrate work in one 
district at a time and, as the needs of the Wajir 
district were most urgent, all plant and personnel 
were brought in from other areas and concen- 
trated there. With all the machines concentrating 
on the Wajir district, the programme there was 
completed by September, 1954, and the earth- 
moving equipment was moved to the Moyale 
district, where work is now going ahead. 

In addition to the construction of earthworks, 
the mechanical equipment team has constructed 
many miles of new roads and greatly improved 
considerable lengths of existing roads. 

The main works successfully completed up to 
this July, are: Wajir district; seven wells, 
five dams, four pans, three dololos (water holes 
in a river bed scoured out by flood action) and 
two tanks : Isiolo district ; one sub-surface dam 
and one borehole : Garissa district ; one bore- 
hole and one old borehole cleaned out, deepened 
and re-equipped : Samburu district ; ten bore- 
holes. 

While the long rains this year were a com- 
parative failure in the central and northern 
areas of the Province, the Wajir district was more 
fortunate, and towards the end of May 33,000,000 
gallons of water were held in the various struc- 
tures, only two of the dololos being empty. 

The camel is the wealth of the Wajir district 
tribesmen, of whom there are roughly 36,000 
inhabiting an area of about 26,000 square 
miles. Each family has on an average ten 
camels. The rainfall varies from Sin to 15in 
annually. With the supplies made available 
this year, camels will not be watered at 
the Wajir permanent supply until the end of 
August, two months later than would otherwise 
be the case. This period will give the grazing 
land at Wajir time to recuperate, and hence 
be an aid to the prevention of soil erosion. It 
is exnected that in a year of good rainfall the 
camels will be kept away much longer. 

The average cost of 1,000,000 gallons of water 
has been £220, and the total cost of the pro- 
vincial scheme up to the end of 1954 was £243,886. 





Ringelmann Charts 


CLAusE 28(2) of the Clean Air Bill, whore 
terms are reviewed elsewhere in this issue, 
contains the sentence “ In this Act ‘dark smoke’ 
means smoke which, if compared in the appro- 
priate manner with a chart of the type known... 
as the Ringelmann chart would appear to be 
as dark as or darker than shade two on the chart.” 

Ringelmann charts were devised over fifty 
years ago by Professor Ringelmann of France. 
The shade of the smoke emitted by a chimney 
is compared with that of shade cards held some 
50ft from the observer and in line with the chim- 
ney. Each shade card consists of a rectangular 
grill of black lines printed on white card. In 
shade 1 the black lines are thin, but these lines 
become progressively thicker in shades 2, 3 and 
4 so that in shade 5 no white appears on the card 
at all. Charts are obtainable from Charles 
Griffin and Co., Ltd., 42, Drury Lane, Londor, 
W.C.2. Their use in practice is a little incor- 
venient as an attendant to hold up the cards ‘s 
needed as well as an observer. Attempts are 
now being made to overcome this difficulty. 
It is also worth noting that the definition of 
dark smoke under clause 28(2) of the Bill does 
not prejudice the Minister from prescribing other 
methods of deciding whether smoke is or is not 
* dark.” 
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Magnetic Plateholder for Welding 


A MAGNETIC clamp for aligning plates and 
stiffeners prior to  tack-welding is bein 
manufactured by Welding Supplies, Ltd. Beech. 
ings Way, Gillingham, Kent. The “ Mag. 
clamp,” of which our first illustration shows the 
standard version, consists of a 66 Ib. 100W 


= 


j 


Magnetic clamp straddling two plates which are to 
be aligned for tack-welding. A pull of up to 12 cwt 
is obtainable 


electromagnet having a fabricated steel casing 
and fitted for ease of movement with a handle 
and roller. A switch is incorporated in the 
handle, which is detachable. The magnet is 
made for mains operation up to 220V, the 
rectifier shown in the illustration being used in 
case of a.c. For butt welding it straddles the 
two plates and forces them into alignment by a 
pull of up to 12 cwt (depending upon conditions 
in the magnetic circuit). The side of the housing 
is provided with flats by means of which plates 
can be set up at right angles to each other. 
For seams between vertical plates the magnet is 
equally suitable, but the use of a safety strap is 
desirable. Our second photograph shows two 
magnets being used with a special bogey fitted 
with a screw clamp: this arrangement roughly 
doubles the holding-down force, and in addition, 
by placing the magnets wide apart before the screw 
is tightened, the plates can be pulled together 
horizontally. Setting-up of stiffeners up to 12in 
high is greatly facilitated. 


Bogie with screw-clamp and two magnets. This 
arrangement also serves for the setting-up of stiffeners 
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Positive Displacement Blower 


Tue illustration which we reproduce here 
shows @ belt-driven positive displacement blower 
manufactured by W. C. Holmes and Co., Ltd., 
Turnbridge, Huddersfield. The machine, which 
isalso suitable as a suction pump, is built in sizes 
up to 200 cubic feet of air per minute and 7 lb 
per square inch pressure. The rotor shafts of 
this machine, which operates on the Roots’ 





Positive displacement blower 


principle, are carried in anti-friction bearings, and 
the gears run in an oil bath. The rotors are 
sealed from the oil and run dry, a small clearance 
space being provided between the rotor flanks and 
between the rotors and casing. The absence of oil 
or other sealing liquid is a distinct advantage for 
many applications. Filters and silencers are 
among the accessories which can be supplied. 





Electrostatic Precipitator for Coating 
Surfaces with Flock 


We have received some details of an interesting 
method of using a high-voltage source to cause 
electrostatic precipitation of flock fibres end-on 
to adhesive coated surfaces, and thus produce a 
special surface finish. The method is stated to 
be suitable for the flock coating of paper, card- 
board, wood, metal, textiles, and some plastics 
and, with modifications, for the precipitation of 
glass, sand, carborundum, and other particles 
for the production of abrasive papers and 
cloths. 

High-voltage supply sources suitable for this 
purpose are made by Hivolt Ltd., of 91-93, 
Princedale Road, London, W.11. This com- 
pany also designs and makes suitable equipment 





Electrostatic precipitator for coating surfaces with flock 


for applying the process to production. One of 
the simpler forms of this kind of apparatus is 
illustrated herewith. 

The flock is contained in a hopper and held in 
Suspension by a wire mesh charged at a high 
positive potential relatively to the surface of be 
coated. This surface is first coated with a suit- 
able adhesive and the hopper is then shaken over 
the surface, whereupon the flock falls through 
the wire mesh and, in doing so, acquires a 
positive charge. It is then readily attracied to the 
adhesive-covered surface, which is at earth or 
negative potential relatively to the mesh. All 
the flock fibres released have a positive charge 
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and are mutually repulsive, ensuring parallel 
alignment when they reach the surface to be 
coated. In places where the surface has been 
“ flocked” any surplus fibres rapidly acquire 
the negative potential of the surface and, in the 
absence of adhesive to hold them, these surplus 
fibres are attracted back to the wire mesh. 
There they again become positively charged and 
then re-enter the main stream. This character- 
istic of the application ensures minimum wastage, 
as the hopper is only vibrated until sufficient 
flock has been released to coat the surface. 

The wire mesh is charged by an e.h.t. power 
supply, the output of which is variable 
to suit the material to be “ flocked” and 
the distance between the wire mesh and 
the surface under treatment. The e.h.t. 
power supply derives its output from an 
r.f. oscillator, operating at a frequency of 
between 80 and 100 kc/s. This drives a specially 
designed e.h.t. transformer, the secondary output 
of which is rectified and filtered to give a fully 
smoothed d.c. output. The whole apparatus is 
safe to the extent that only a very small current 
can be drawn from it. 

The hopper, which can be seen in our illustra- 
tion, contains about 4 lb of flock and is made of 
** Perspex.” The equipment is operated by a 
push button in the handle of the hopper, the 
power being switched off when the push button 
is released. 





Storm Warning Radar Equipment 


A NEW design of high-power storm detection 
radar has recently been introduced by Marconi’s 
Wireless Telegraph Company, Ltd. This equip- 
ment has been specially adapted to the require- 
ments of the Meteorological Department of the 
Federation of Rhodesia and Nyasaland. It is 
understood that it will be used for storm detec- 
tion, as part of the normal meteorological 
services. It is known as the Marconi ‘“ SNWS0” 
and it operates within the frequency-band 
9360 Mc/s to 9460 Mc/s (X-Band), with a peak 
power output of approximately 5OkW. The 
standard equipment consists of four main items, 
the transmitter unit 
(which contains the main 
portion of the electronic 
circuits), the scanner 
unit, the display unit 
and the power supply 
unit. 

The design of the 
transmitter unit is based 
on that of the Mar- 
coni equipment known 
as “ Radiolocator IV” 
Marine Radar. It is 
divided into two main 
chassis, each of which 
can be withdrawn on 
extended runners for 
maintenance. Anti-clut- 
ter circuits are incor- 
porated to improve 
performance where the 
radar is sited in an area 
of many permanent 
echoes. 

The scanner is driven 
by a 3 h.p. motor and 
is capable of continuous 
rotation at speeds of 
5, 10, 15 or 20 r.p.m. ; it is designed to main- 
tain normal operation in wind speeds up to 
80 m.p.h. By means of an actuator the aerial 
elevation may be power-tilted in the vertical 
plane from —2 deg. to +12 deg. relative to the 
horizontal, tell-back facilities being provided to 
the display unit so that the operator can control 
the aerial to the desired elevation. The high- 
gain aerial consists of a section of parabolic 
cylinder, with an aperture 13ft 6in by 2ft, 
fed by a wave-guide mounted in a flared horn 
and having shunt inclined slots in one of its 
narrow faces; the horizontal beam width is 
only 4 deg. 

The main display unit is designed to allow a 
large amount of information to be shown. For 
example, there is an off-centring mechanism, 
which allows the time-base origin to be displaced 
radially for a distance up to one radius of the 
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cathode-ray tube face, in any desired direction ; 
in this way a selected sector of the sweep may 
be expanded to cover the whole area of the tube. 
It is therefore possible to divide the total area of 
search into two or more sectors, each of which is 
covered by one P.P.I. display. Four time-base 
ranges in nautical miles are provided as standard 
on the display unit, namely, 0-40, 0-100, 0-150 
and 0-200 nautical miles. The power supply 
unit comprises a motor-alternator, and an auto- 
control panel which contains the starter and 
regulator for the machine. The regulator will 
control the output to within +2 per cent for 
variations of +10 per cent input voltage. 

For use as a static equipment the scanner 
unit is normally mounted on a small plinth, 
which serves to house the transmitter and 
power supply. The display unit is usually 
installed in a separate small building close to 
the plinth. The Marconi “SNWS50” Storm 
Warning Radar may alternatively be used as a 
mobile equipment, by mounting it on a medium- 
sized motor truck. When used in conjunction 
with a suitable mobile diesel generator set it then 
becomes a self-contained unit operating indepen- 
dently of a main electricity supply. 





Portable Air Compressors 


THE portable air compressors recently intro- 
duced by Ingersoll-Rand Co., Ltd., Queen 
Victoria Street, E.C.4, emphasise reliability and 
low operating costs in their design. Two 
models, both using the Type 40 Ingersoll-Rand 
compressor, give free air deliveries of 110 or 
210 cubic feet per minute at 1001b per square 
inch. This compressor has two stages with 
intercooling, and the maker claims that the 
improved efficiency is reflected in the use of a 
smaller engine than would power a single stage 
compressor. The 110 cubic foot model is available 
with either four-cylinder Ford (illustrated) or 
three-cylinder Gardner engines on two- or four- 
wheeled chassis: the larger version has a five- 
cylinder Gardner engine and a four-wheeled 





110 cubic foot per minute compressor with four-cylinder diesel engine 


chassis. 
carriage. 

Engine and compressor are built into one 
unit before mounting on the chassis : they are 
coupled by an over-centre friction clutch, the 
linings of which can be replaced without separat- 
ing the main assembly. The bodywork is quickly 
detachable for easy access to the working 
parts. Electric starting is standard, but can 
be dispensed with in the case of the three-cylinder 
diesel. 


Either can be supplied without under- 





HeAT-RESISTING PAINT.—We are informed by All- 
weather Paints, Ltd., 36, Great Queen Street, London, 
W.C.2, that the company has a new product, “ Pitan 
Heat Resisting Aluminium Paint A.M.76,”’ which it is 
claimed withstands, when dry, temperatures up to 
1000 deg. Fah. The paint covers 80/90 square yards per 
gallon when brushed on or 45 square yards when sprayed 
and has a curing time of one hour at 250 deg. Cent. 
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Second Five-Year Plan 


The Planning Commission has been 
working recently on an outline of the second 
Five- Year Plan (1956-61) and some of the 
targets to be aimed at have now been announced. 
The main objectives of the plan, it is stated, 
will be roughly as follows: (@) A sizeable in- 
crease in national income so as to raise the living 
standards in the country; (6) rapid indus- 
trialisation, with particular emphasis on the 
development of basic industries; (c) fuller 
employment ; and (d) social justice. The plan 
envisages an outlay of Rs. 6500 crores (about 
£5000 million), of which roughly Rs. 4300 crores 
will be in the public sector directly by the State, 
and the remaining Rs. 2200 crores by private 
enterprise. The total planned outlay in the public 
sector is roughly double that in the first plan 
now approaching completion. A _ tentative 
analysis of the plan outlay of Rs. 4300 crores 
has been suggested as follows : 


TaBLe I—Outlay on the Plan in Public Sector 





2nd plan (1956-61) jist plan (1951-56) 


Rupees, Per Rupees, Per 
crores cent crores cent 








. Agriculture, irrigation} 950 22 _ 
and community devel- 
opment 
. Power .. i! ae a ll — 


1400 | 33 990 
. Transport and com- 950 22 536 
munications 
. Industry and minerals.. 26 
. Construction and social | 17 544 | 
services | 
pen cs ae S 100 | 2 _ 


4300 100 2248 























Of the total net investment of Rs. 2200 crores in 
the private sector, about Rs. 1100 crores will be 
allotted tc construction, Rs. 500 crores to industry, 
mining, power and transport, and the rest on 
agriculture and allied industries. Thus, over 
Rs. 2300 crores will be spent in India on power, 
transport and heavy industries during the next 
five years, as compared with about Rs. 1200 crores 
in the current plan. The considerable shift in 
favour of industries, mining and power will 
leave very little scope for investment in consumer 
industries which has aroused considerable appre- 
hension in the minds of economists who fear 


TABLE Il—Production Targets of Second 
Five-Year Plan* 





1953-S4 | 1955-56 1960-61 
(estimates) 


1950-51 





I. Industries : 

Pig iron (million 
tons) (for foun- 
dries) 

Finished steel 
(million tons) 
ment (million 
tons) 

Aluminium (thous- 
and tons) 

Fertilisers (relative 
figures 

Heavy chemicals ... 
(relative figures) 

Synthetic petrol ... 
(million tons) 

Electrical goods ... 
(relative figures) 

Bicycles (thousands) 

Sewing machines... 
(thousands) 

small- 

(relative 


Metalware, 
scale 
figures) 


Il. Minerals : 
Coal (million tons) 
Iron-ore (million 
tons) 
Mica (thousand 
cwt) 
Manganese ... ... 
(million tons) 
Ill. Transport and 
Power : 
Shipping cic iioies 
(thousand tons) 
Railway (mileage) 
Roads (thousand 
miles): 
National 11-9 
ways 
State roads 17-6 
Electricity ... ... 2-3 
(million kW) 


high- 

















1955-56 to 1960-61. 
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that this may lead to inflation and ultimate 
failure of the plan. 
Production targets in selected industries are 
listed in Table II. Steel output, which has 
TABLE I1I—Jnvestment in Industries and Mining 





Rupees, Per cent 


crores* 





» 
ot? 


SE nce gee ace one bse 425 
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remained almost stationary at 1,000,000 tons 
during the last ten years, will be increased to 
5,000,000 tons and steel capacity to 6,000,000 
tons by expanding the existing plants and by 
setting up three new steel plants, work on two 
of which is already under way. To keep up 
with the expansion in steel production, a number 
of machine tool plants will be set up for making 
the machine tools required for fabricating 
the equipment in steel plants and in other 
producer goods indus- 
tries. The fertiliser 
target assumes “ three 
more Sindris.” On an 
average, a threefold in- 
crease in the output 
of heavy chemicals is 
envisaged. There are 
plans for the production 
of 300,000 tons of 
synthetic petrol. The 
increase in the produc- 
tion of aluminium is 
envisaged in order to 
make up for the short- 
age of copper in the 
country and to meet 
the requirements of elec- 
trification. A new plant 
for the manufacture of 
heavy electrical machin- 
ery will be set up, and 
there will be considerable 
expansion of such exist- 
ing electrical industries 
as cables, motors and 
switchgear. In the case 
of railways, there has 
been for some time 
considerable lag in the 
development of both 
goods and passenger 
traffic. The railways 
have a plan of their 
own of some Rs. 800 
crores which, among 
other things, calls for 
an addition of 3000 
miles of railway lines. 
As for power, the in- 
stalled capacity of 
electrical undertakings 
which stood at about 
2,500,000kW last year 
will be increased to 
about 6,000,000kW, and 
electricity production 
which is now in the 
region of 7,000 million 
kWh per year will probably rise to 20,000 million 
kWh by the end of the plan. A detailed 
analysis of the investment of Rs. 1400 crores 
in industries and mining (public and private) is 
given in Table III. 





MAIDSTONE WATERWORKS.—The Maidstone Water- 
works Company has published a brochure giving descrip- 
tions of its works and area of supply, to commemorate 
the recent visit of the delegates of the International Water 
Supply Congress. The company supplies 995 me 
annually to an estimated population of about 65,000. 
The sources of supply are wells and springs. 
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Applications of the Oxy-Acetylene Flame 


The Commission Permanente Inter. 
nationale de l’Acétyléne et de la Soudure Auto. 
géne is holding a second international com. 
petition for papers on “The Applications of 
the Oxy-Acetylene Flame.” Papers submitted 
should deal with one or more applications of 
the oxy-acetylene or air-acetylene flame, such as 
welding, soldering or brazing, bronze Welding, 
oxygen cutting, surface hardening, building up 
metal spraying, heat-treatment, costing, organ. 
isation of workrooms, or safety. These papers 
must be unpublished or published only after 
January 1, 1956. The competition will remain 
open from that date until December 3) 
1956. Full details may be obtained from the 
Secretariat, Commission Permanente Inter- 
nationale de l’Acétyléne et de la Soudure Auto. 
géne, 32, Boulevard de la Chapelle, Paris (18), 
or from the British Acetylene Association, 55, 
Gordon Square, London, W.C.1. 


Supporting Arch for Suspension Railway 


Our illustration shows a section of the 
Wuppertal suspension railway, which was built 
at the turn of the century and runs from Wupper- 
tal Vohwinkel to Oberbarmen, a distance of 
some 15km, following the course of the River 
Wupper. The reason for adopting such a design 


Construction of supporting [arch at site of [proposed road bridge across 
River Wupper 


was, of course, the difficulty of siting a surface 
tramline in the narrow and closely built-up 
valley. More recently a major problem arose 
with the reconstruction of the roadway at the 
Ohligsmithler bridge, where three supports of 
the tramway were found to be in the way of the 
proposed road. The photograph shows the 
construction of a 125-ton supporting arch by 
which the old supports were replaced. Erected 
by Gutehoffnungshiitte in just under two 
months, the four-legged arch consists of pre- 
~~" welded box-sections and has a span 
of 91m, 




















T.U.C. Agenda 


The Trades Union Congress is to be held at 
Southport from September 5th to 9th, dnd its 
preumunary agenda, which_has just been pub- 
yshed, indicaes the increasing interest in 
problems related to trade union organisation 
and practice. There are twenty-six motions on 
this subject which have been submited by 
aftiliated unions. In addition, there are twenty 
motions dealing with various aspects of economic 

licy. 
rT genong the motions on organisation and 
policy, there are four which suggest that the 
T.U.C. should give a decision what the trade 
union movement will oppose any interference 
with the right to strike. There is, however, one 
resolution which commends the eftorts of the 
T.U.C. general council to bring about settlements 
in recent industrial disputes. This resolution 
calls for similar intervenuon in future stoppages 
of work and asks for an alteration in the rules and 
standing orders of the Congress to facilitate this 
procedure. Another motion seeks an inquiry 
into trade union organisation in the nationalised 
industries. 

Under the heading of ‘‘ Production and Indus- 
trial Development,” there are two motions about 
“automation.” Both of them ask for action to 
ensure that during periods of industrial change 
standards of living shall not suffer and that the 
community as a whole shall benefit from tech- 
nological development. Another motion dealing 
with technological advance urges that there 
should be a gicater measure of participation in 
industry by workers through the medium of 
joint consultation. On economic policy, one 
of the principal motions is that formulated by 
the Amalgamated Engineering Union which calls 
for the nationalisation of suitable sections of the 
engineering, chemical and building industries. 
This motion says that “the compensatory 
interest in stock paid to former owners has 
prevented the proper fulfilment of the objects 
of nationalisation in those industries already 
publicly owned.”” One motion under the heading 
of economic policy asks for a national trade 
union campaign against increases in profits and 
increases in the cost of living. Another motion— 
submitted by the National Union of Railwaymen 
—is concerned with the financial problems of 
British Railways. The N.U.R. asks for a 
re-examination of the British Transport Com- 
mission’s financial structure. 


Industrial Disputes 


During the month of June there were 146 
stoppages of work through industrial disputes 
in the United Kingdom reported to the Ministry 
of Labour. There were also sixteen stoppages 
still in progress which had begun before June. 

The Ministry says that in these 162 stoppages 
98,500 workers were involved during June and 
that 1,327,000 working days were lost. This big 
increase in the number of days lost was, of 
course, the result of the railway and dock strikes. 
Both these stoppages are classified by the 
Ministry in the transport industry group, in 
which 1,285,000 working days were lost in June 
by 85,300 workers. In the coal mining industry 
there were 126 stoppages of work through disputes 
in June. They caused an aggregate loss of 20,000 
working days. 

The stoppages of work in the transport and 
coal mining industries caused a sharp increase 
in the amount of working time lost in the first 
six months of this year, compared with the 
corresponding period of 1954. In the first half 
of this year, there were 1205 stoppages of work 
reported to the Ministry. In them, 436,000 
workers were involved, the aggregate number of 
working days lost being 2,795,000. In the 
corresponding period of last year, there were 
1060 stoppages involving 205,100 workers and 
causing a loss of 692,000 working days. In the 
first six months of this year there were 884,000 
working days lost through stoppages in the coal 
mining industry, compared with 279,000 working 
days in the corresponding months of 1954, and 
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in the transport industry, 1,608,000 working days 
were lost between January and June this year, 
against 51,000 in the comparable period of last 
year. 


Changes in Wage Rates 


Changes in wage rates which came into opera- 
tion during June resulted in increases aggregating 
£184,000 in the weekly full-time wages of about 
736,000 workpeople. Among those who received 
increases were workers in the iron and steel 
industry, weekly paid industrial staff employed 
by the National Coal Board, and certain of the 
conciliation grades in the employ of British 
Railways. 

In the iron and steel industry, the increases 
were payable under sliding-scale arrangements 
which are based on the index of retail prices. 
The increase in the coal mining industry was 
14s. 5d. a week, which was retrospective to 
April 4th, and was granted to supervisory and 
non-supervisory staff employed on the surface 
and underground. The increases to British 
Railways’ employees included those paid to 
certain locomotive running staff. They amounted 
to ls., 2s. or 3s. a week according to occupation 
and period of service. 


The Ministry of Labour has stated that in the 
first six months of this year, changes in wage 
rates have resulted in increases aggregating 
£4,079,300 in the weekly full-time wages of 
10,422,000 workpeople. In the corresponding 
months of last year, the increases amounted to 
£2,276,000 in the weekly full-time wages of 
7,146,000 workpeople. The increases payable 
in June did not affect the index of rates of wages 
(June 30, 1947=100). For all workers the index 
number was 152, at which it has stood since 
April. At the end of June, 1954, the index 
number for all workers was 142. 


Anglo-Canadian Trade 


Before the House of Commons adjourned for 
the summer recess on Thursday of last week, 
there was a short debate on Anglo-Canadian 
trade. It was opened by Mr. A. G. Bottomley, 
who said that it was disturbing to find that the 
United Kingdom’s trade with Canada was on 
the decline. 

The various points raised in the debate were 
replied to by the Minister of State, Board of 
Trade, Mr. A. R. W. Low. Dealing with 
Canada’s imports, he said that the United 
Kingdom’s share had been just under 9 per cent 
in 1952, 10-3 per cent in 1953, 9-6 per cent in 
1954, and in the first quarter of this year it had 
fallen again to 8-6 per cent. From a study of the 
figures in recent months, Mr. Low continued, it 
would appear that it was the U.S.A. which had 
been gaining from us, but last year it was 
Germany and not the U.S.A. which gained part 
of the market this country lost. Mr. Low then 
surveyed this country’s exports to Canada as a 
percentage of its total exports. In 1953, he said, 
this percentage was 6-1, but by 1954, when total 
exports had risen, the percentage was 4:9. In the 
first half of this year, the figure fell to 4-4 per 
cent. Taking engineering exports to Canada 
separately, Mr. Low stated that the United 
Kingdom’s share of Canada’s total imports of 
engineering goods, other than non-ferrous pro- 
ducts, was 10-5 per cent in 1953, and 6°8 per 
cent in the first quarter of this year. That, he 
acknowledged, was an important and rather 
disquieting fall. 

Mr. Low went on to say that in recent years our 
exports to Canada had earned only about half 
of our imports from Canada. It would be 
wrong, however, and, indeed, impracticable, to 
consider operating our trade with Canada on a 
narrow bilateral basis. Canada was part of the 
dollar area, and our imports from that country 
were financed by earning dollars or gold not 
just from Canada, but from other countries as 
well, and by what other countries in the sterlirig 
area might earn. Though it would be quite 
wrong to be narrowly bilateral, Mr. Low com- 





mented, it must be remembered that the more 
we sold to Canada, the more we could afford to 
buy from her. 


Mr. Low ended his speech by referring to some 
of the directions in which United Kingdom 
exports to Canada were increasing. It was good 
to know, he said, that both the main Canadian 
airlines were ordering new British aircraft, and 
in the field of electrical plant, there were several 
cases of recent contracts secured by British 
industry against fierce competition. Last, but 
by no means least, Mr. Low added, there were 
the very valuable contracts which had been 
obtained recently by civil engineering con- 
tractors, amounting to more than 20,000,000 
dollars last year. There was no reason to be 
gloomy, Mr. Low observed, but there was every 
reason to stress the importance from the nation’s 
point of view and from industry’s point of view, 
of the expanding Canadian market, a market in 
which there was no fear of import restrictions. 


Ministry of Labour’s Annual Report 


The recently issued annual report of the 
Ministry of Labour and National Service 
shows that, in many respects, 1954 was a 
record year. The level of the working population 
rose in November to 23,910,000, the highest ever 
recorded in peace time. The number of men and 
women in civil employment rose during the year 
by more than 350,000 to a total of over 
22,700,000, or 95-4 per cent of the total working 
population. Overtime working was high and 
in November the numbers on overtime in the 
manufacturing industries reached 1,690,000, the 
highest point recorded since returns were first 
collected in 1945. Short-time working in the 
same industries was at a low level, the numbers 
varying from 30,000 to 40,000. 


There was a marked fall in the level of unem- 
ployment, the average number of 285,000 (com- 
pared with 342,000 in 1953), being the second 
lowest in any year since the war. The November 
and December unemployment figures were the 
lowest for these months since the war, and the 
improvement, which was general throughout the 
country, was shared by all the main industries. 
During the year under review nearly 3,111,000 
applicants for employment were placed—over 
2,500,000 by the Employment Exchange Service, 
some 500,000 by the Youth Employment Service, 
and over 15,300 by the Appointments Service. 
Of this total, nearly 115,000 were disabled 
persons, and statistics showed that the numbers 
of vacancies filled by workers over forty-one 
years of age were higher in the second half of 
1954 than in the corresponding period of 1953. 
The pattern of manpower distribution was 
similar to that of 1953. The expansion in civil 
employment was most marked in the manufactur- 
ing industries, chiefly engineering and the vehicles 
group, in retail distribution and in building and 
contracting. There was, as in 1953, a fall in the 
numbers employed in the basic industries. 
Despite the increase in the number of persons 
employed, the pressure of demand for labour 
became greater during the year. Because of the 
shortage of manpower, efforts were made to 
extend part-time and spare-time working. The 
number of women in part-time employment in 
the manufacturing industries in November last 
was 345,000. A brief survey is given in the report 
of the manpower position in various industries and 
services. The decline in the labour force in the 
basic industries totalled about 40,000. Coal 
mining was practically unaffected, the decrease 
being shared almost equally between the agri- 
cultural industry and the railway, omnibus and 
tramway services of the transport industry. 
Despite the increase in the numbers employed 
in the manufacturing industries the shortage of 
workers, especially of craftsmen, was acute and 
the unsatisfied demand for draughtsmen per- 
sisted. In the building materials industry employ- 
ment was high and inthe buildingand contracting 
industry the labour force was increased by { per 
cent, but unfilled vacancies remained high and 
the shortage of skilled labour persisted. 
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American Motor-Cars in 1955 


bes year the American market for motor-cars 
is a furious and chaotic affair. Last year’s 
bitter and frantic race for first place in sales 
between Ford and Chevrolet continues, and 
has touched off an era of both price-cutting and 
price-padding, of seemingly fantastic over-allow- 
ances on used cars, and of “* bootleg” sales of 
new cars to used-car dealers. The “* horsepower 
race ’’ of 1954 has this year infected every auto- 
mobile manufacturer. Still worse, horsepower 
has been established in the minds of many 
buyers as the most important—or, indeed, the 
sole—feature by which the desirability of a car 
should be judged: In the past few years the 
American trend in motor-car design had come 
to be defined throughout the rest of the world 
by rather generously proportioned bodywork, 
big six or eight-cylinder engines and fully auto- 
matic transmissions. This trend continues in 
1955 and is accompanied by an increased use—or 
misuse—of colour. Two colours are almost 
the rule, and many cars are painted in three. 
Interiors are trimmed, even on the cheapest cars, 
in tones which repeat, or are intended to com- 
plement, the exterior colour. In many cases, 
contrasting colour areas, outlined by chromium- 
plated strips, manage to give the cars a dis- 
membered look, and as a rule bear much less 
relation to the car’s basic lines, shape and func- 
tion than do the colours on a zebra or a giraffe. 
Though “All New” is blazoned across the 
advertisements for every one of the 1955 cars— 
and, indeed, many interesting modifications do 
appear—the only real innovation this year is 
the torsion-bar suspension on the motor-cars 
made by Packard. This suspension is formed by 
two 9ft long steel bars, one for each side of the 
car. At both ends of each bar are levers, con- 
necting the bar to a front and a rear wheel. 
The bars produce spring action by their resistance 
to being placed in torsion by the levers. It is 
claimed that this suspension is unlike torsion-bar 
springing on European cars in that the front and 
rear wheels are attached to the same bar, instead 
of having a separate bar for each wheel. Con- 
sequently, when the front wheels hit a rise, the 
action of the torsion bar starts spring action at 
the rear, and the rear of the car body begins to rise 
even before the rear wheels hit the rise. The 
result is said to be a very smooth and level ride 
over moderate undulations when travelling at 
road speeds. Unfortunately, the suspension, as 
described, would be very sensitive ; even light 
loads would cause the rear of the car to sink 
almost to the grcund. To level the car when it is 
loaded, therefore, Packard provides auxiliary 
torsion bars which are operated automatically 
by a complex electrical circuit and an electric 
compensating motor. If they function correctly, 
the auxiliary bars restore the car to an even keel 
within a few seconds after the load is applied. 
Perhaps the most obvious, though not entirely 
new, styling feature which has spread to prac- 
tically every 1955 car is the steeply raked and 
sharply curved back “‘ wrap-around ”’ windscreen, 
which has been heralded as the road to “ pano- 
ramic vision.”’ While the angle of view is widened 
by the backward shift of the corner posts, the 
blind spots formed by the post are not eliminated 
but simply moved to a different position with 
respect to the main portion of the windscreen. 
Furthermore, being closer to the eyes of the 
driver, the blind area is larger than it used to be. 
A further disadvantage of the “‘ wrap-around ”’ 
windscreen is the considerable distortion intro- 
duced at the sharply curved portions of the glass. 
There is some hindrance to driver vision, too, 
as a result of the centre section being moved 
forward, when the glass area is spattered with 
dirt or raindrops. Getting into and out of the 
car is also made more troublesome by the projec- 
tion into the door openings of some of the 
“‘ wrap-around ” windscreens. Another minor 
innovation appears on the cars of the Chrysler 
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Corporation on which the range selector for the 
** Powerflite ’’ automatic transmission has been 
moved from the steering column to the dash- 
board, near the ignition key. This arrangement 
reminds one of the gear-shift levers on the front- 
wheel drive Citri6en and seems to be neither 
an advantage nor a disadvantage operationally ; 
functionally, the new position makes for a simpler 
and more accessible linkage. The protruding 
lever is carefully designed, according to the 
makers, so as not to be hazardous in accidents. 
It is made of mild steel and will bend or break 
under impact leaving it flush with the dash. 
Tubeless tyres, though not new in themselves, 
are for the first time this year supplied as standard 
equipment on all American passenger cars. It 
has been said in their favour that they do not 
have the internal friction of the tyre-and-tube 
combination, and, hence, run cooler and last 
longer. Furthermore, they are said to be less 
prone to sudden blow-outs. In designing their 
clutch and brake pedals, many American makers 
have now followed the pendant system adopted 
earlier by the British Ford Company, and have 
adopted a suspended position on the dashboard. 
This position makes it easier to provide a good 
weather seal around the linkage, and it brings 
the brake master cylinder from an inaccessible 
place under the floorboard to a spot on the front 
of the dash. Even the “ British” 12V clectrical 
system is now being adopted by U.S. manu- 
facturers and is furnished on all the General 
Motors cars as well as on certain other makes. 
With even the so-called small American auto- 
mobiles—Chevrolet, Ford and Plymouth—now 
having an advertised 162 b.h.p., 162 b.h.p. and 
167 b.h.p., respectively, at engine speeds of 
4400 r.p.m., it is hardly surprising that no 
American car manufacturer has troubled to 
bring out a basically new six-cylinder engine since 
1952. Though a few “Sixes” are still being 
offered at lower cost than the alternative vee-eight 
engines, they appear headed toward extinction. 
Similarly, the end now seems to be in sight for 
the “‘ conventional’ American three-speed-for- 
ward and reverse manual-shift gearbox. It is 
no longer considered good enough by the driving 
public, despite its simplicity, high mechanical 
efficiency, and reliability in service. There are 
two main reasons. In the first instance, American 
drivers never did like to shift gears, and in the 
congested traffic of to-day, continual clutch- 
pumping and gear-shifting is felt to require far 
too much effort and concentration. Almost 
everyone would rather drive a car equipped with 
automatic transmission through heavy traffic, 
even though the car costs more to buy and usually 
costs more to operate. The second reason for 
the obsolescence of the 
standard transmission 
in the United States is 
due to higher sustained 
driving speeds and the 
greater demands for 
acceleration. In_ the 
standard transmission 
car, top gear is “ direct 
drive,” eliminating all 
multiplication except 
that provided by the 
rear-axle gears. The 
axle ratio in the usual 
standard transmission 
arrangement has to bea 
compromise between a 
ratio high enough to 
give powerful perform- 
ance with a minimum 
of gear shifting, and a 
ratio low enough to 
give economical oper- 
ation and quiet travel 
on the open road. 
This problem of suitable 
axle ratios used to be 
solved extensively by the 


installation of an over-drive, but even this 
device is now becoming extinct in favoy 
of the automatic transmission. It would 
appear that while shouting aboui ever. 
higher horsepower and ever-easier driving, the 
American car manufacturers are forgetting all 
about fuel economy. A perusal of the latest 
catalogues will make one well acquainted with 
the alleged advantages of big, high horsepower 
engines and of high compression, short stroke 
high-efficiency designs. Very little space js 
devoted to the subject of mileage per gallon of 
petrol—the motorist’s chief regular operating 
expense which, over the car’s lifetime, costs 
perhaps half as much as the car itself. Many 
American engineers feel that if the horsepower 
gains on the 1955 cars had been restricted to the 
modest ones possible from increases in efficiency 
alone, significantly improved fuel economy would 
have resulted. But the startling horsepower 
increases come from engines bigger in piston dis- 
placement and designed to gulp large quantities 
of fuel upon the slightest nudge of the accelerator, 
And, since the love of powerful performance is 
practically universal, the power the manufacturer 
has provided will almost certainly be used—at 
the expense of fuel consumption. What of the 
future ? It is safe to say that 1956 will be a 
quieter year in the American automobile industry 
than 1955. The first of the 1956 cars to appear 
will probably be the Lincoln, in the early autumn, 
A largely new car is promised, for the company, 
it has been said, realises that you cannot compete 
with Cadillac by winning the Mexican road race. 
There can hardly be more vee-eight engines in 
1956, but there may be fewer ‘‘ Sixes.’’ There is 
no sign at present that the “ horsepower race” 
will cease in 1956. If it does not, one can only 
hope to see an improvement in ‘ roadability ” 
and handling of the powerful cars, a responsibility 
their builders cannot indefinitely shrug off. There 
still remains in the United States a basic need fora 
small, economical, handy car of modest per- 
formance and good quality. It should be fun 
to drive and quiet to ride in, simple, durable and 
not expensive. Such a car, and not ever bigger 
and more powerful imitation Cadillacs, is the 
real challenge to the American automobile 
industry. 





Radiographic Inspection Tool 


A NEW inspection tool, which employs radio- 
active cobalt 60 and is capable of radiographing 


_ thicknesses of steel up to 7in, has been developed 


by the Babcock and Wilcox Company, of 
Barberton, Ohio. The unit is known as the 


‘© Isoscope ’’ radiographic inspection machine loaded with cobalt 60 
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“Jsoscope”” and has been under study and 
development for the past three years. It requires 
only one-third the exposure time of a million- 
yolt X-ray unit and thus paves the way for the 
wider use Of atomic energy in this radiographic 
field of application. The largest allocation of 
radioactive cobalt 60 ever authorised to American 
industry for radiographic work was assigned to 
the firm for its “* Isoscope”’ by the Oak Ridge 
National Laboratory last October. The source 
was loaded into a special dual-purpose spherical 
lead container designed to handle the radio- 
active material during transport. The container 
is converted into a part of the radiographic 
machine upon arrival at its destination. The 
jead sphere of the “ Isoscope”’ is encased in a 
steel jacket having a cylindrical rotor section 
built into it. By revolving the rotor through 
180 deg. the radioactive source can be brought 
from the “ safe” position to a point in line with 
the tapered opening in the steel jacket allowing a 
beam of radiation to escape. 

The total charge placed in this unit was 1008 
curies of cobalt-60. The charge is composed of 
small discs which are stacked one on top of the 
other. The radiation is taken from the top of 
this stack so that the focal spot size compares 
favourably with existing high-voltage X-ray 
equipment. As shown in the illustration on 
page 204, the balance of the machine consists 
of a modified electric platform lift truck having 
a “lead cab” built on the back and a “ turn- 
table’’ mounted on the front platform. Trun- 
nions on the turntable receive the lead ball con- 
taining the radioactive material. Cover plates 
mounted on top and bottom of the lead balls 
carry the cylindrical rotating mechanism. The 
assembled unit can be raised or lowered through 
8ft, rotated vertically through 210 deg. and 
horizontally through 360 deg. The lead cab 
provides protection for the operator and contains 
controls for the operation of the machine. The 
controls consist of a timer, an “ on-off” button 
and a green, amber and red light system which 
informs the operator of the position of his source 
at all times. 





230-Drawbar-Horsepower Crawler 
Tractor 


Tue Caterpillar Tractor Company, of Peoria, 
Illinois, has announced the availability of its 
new “ D9” model, which weighs 25 tons and, 
with a 230 d.b.h.p. capacity, is claimed to be the 
most powerful tractor being made in the United 
States. The machine, which is shown in the 
accompanying illustration, is 8ft Qin high, 
17ft 103in long and 9ft 114in wide, and has a 
ground clearance of 2lin. Although the tractor 
weighs 56,200 lb with conventional drive and 
56,650 lb equipped with torque-converter drive, 
the actual weight-horsepower ratio is com- 
paratively low : 235 lb per drawbar horsepower. 
A maximum drawbar pull of 60,860 Ib is obtain- 
able with the direct-drive transmission. The 
tractor engine is turbo-charged to reduce noise 
and improve engine performance. Driven by the 
engine exhaust, the turbo-charger uses energy 
which would otherwise be lost. In addition, it 
delivers air to the engine according to engine 
load rather than engine speed. The power unit 
of the tractor is a 286 h.p., 64in by 8in, six- 
cylinder Caterpillar diesel engine. 

The company has had plans for the develop- 
ment of a large crawler-tractor for some ten 
years, and by 1954, work had progressed beyond 
proving ground tests, with ten tractors, built by 
hand, being placed in the field. Before the end 
of the year these prototype units had worked 
more than 16,000 hours on thirty-seven different 
jobs. The tractors pulled logs and built logging 
toads in Washington, California and Idaho ; 
helped build the Oahe dam in South Dakota, 
and worked on the Ohio Turnpike and the 
Plattsburg Air Force base in New York. The 
tractor that finally emerged is not only said to be 
the most powerful tractor in production but is 
reported to be easy to operate and service. The 
firm expects that the ““D9” will be used in 
virtually every track-type tractor application, 
and particularly in general construction, logging, 
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pipe-laying, mining and quarrying. Although 
the tractor is big, it conforms to the other five 
models of Caterpillar crawler tractors in general 
appearance. The diesel engine delivers 286 h.p. 
at 1200 r.p.m. to either a torque converter or 
direct-drive transmission. The details of the 
engine include short valve push rods, made 
possible because the camshaft is high in the 
block ;_ stationary oil jets that provide a con- 
tinuous stream of oil to cool the pistons, the 
camshaft and the followers, and steel-backed 
aluminium bearings with the lower half of the 
centre main bearing taking the camshaft thrust 
on a flange bearing. There is a 6V electric 
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starter for the two-cylinder starting engine. 
The ‘** D9” burns No. 2 fuel oil with a minimum 
cetane rating of 35, and does not require premium 
diesel engine fuel. All accessories are driven 
from a gear at the rear of the crankshaft to 
minimise torsional vibration. The constant 
power drive for rear-mounted equipment, such 
as cable controls, provides power whether or 
not the flywheel clutch is engaged, and even 
when the torque converter is operating at lowest 
speeds. The torque converter is a three-stage, 
5 : 1 torque-multiplication unit which uses diesel 
fuel as the hydraulic fluid. The flywheel clutch 
used with the torque converter is a 19in single- 
plate dry clutch. Speeds up to 7-8 m.p.h. with 
three speeds forward and two in reverse, are 
provided by the torque converter drive. The 
direct drive has six speeds forward and six in 
reverse, and they range from 1-6 to 6-8 m.p.h. 

Welded fabrication of the steering clutch case 
and the main frame gives the entire tractor 
assembly a rugged backbone to withstand severe 
service. A one-piece welded track roller frame 
includes a closed hydraulic recoil-spring housing 
and track guiding guards at each end of the 
frame. Designed with the comparatively heavy 
weight of the “D9” in mind, a seven-roller 
track frame provides good stability for tne 
tractor. The front idler is an adjustable fabri- 
cated-disc unit. The standard track shoe is 
heat-treated and is 24in wide. There are forty- 
three shoes to each track and with 1293in of 
track on the ground, the tractor has a total 
ground contact of 6228 square inches. 





“ Atoms For Peace ’”’ Reactor at 
Geneva 


REPRESENTATIVES of the Governments of 
Switzerland and the United States have reached 
agreement for co-operation covering the sale 
and purchase of the research reactor that is to 
be a central feature of the official U.S. exhibit 
at the United Nations’ International Conference 
on Peaceful Uses of Atomic Energy at Geneva. 
The agreement covers the sale and purchase of 
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the research reactor, the exchange of information 
relating to the reactor and the lease of special 
nuclear material to be utilised in the reactor. 
The reactor, which was assembled from com- 
ponents shipped to Geneva from Oak Ridge, 
Tennessee, will be in operation as a part of the 
official U.S. exhibit while the conference is in 
session from August 8th to 20th. At the end of 
the conference the U.S. Government, through 
the Atomic Energy Commission, will sell the 
reactor to Switzerland. The price of the reactor, 
building, associated machinery and exhibits is 
to be 180,000 dollars. The United States will 
lease to Switzerland sufficient uranium enriched 
in the isotope U-235 for 
initial and replacement 
fuel for the reactor. The 
quantity of uranium 
under such lease shall 
not contain more than 
6 kg of U-235 (maxi- 
mum enrichment 20 per 
cent), plus such addi- 
tional quantity as the 
A.E.C. may determine is 
necessary to permit the 
efficient and continuous 
operation of the reactor 
while replaced fuel 
elements are radioac- 
tively cooling in Switzer- 
land or while fuel ele- 
ments are in transit. The 
removal of the reactor to 
another site and the re- 
storation of the Geneva 
site to its original con- 
dition are to be under- 
taken at the expense of 
the Government of 
Switzerland. 

Other provisions of 
the agreement included 
the following :—The re- 
actor shall be used solely 
for research purposes related to the development 
of the peaceful, beneficial and humanitarian uses 
of atomic energy. No material transferred to 
Switzerland under the agreement will be used for 
atomic weapons or for research on or develop- 
ment of atomic weapons or for any other military 
purposes, and none will be transferred to 
unauthorised persons or beyond the jurisdiction 
of the Government of Switzerland. Restricted 
data shall not be communicated under the agree- 
ment. The A.E.C. will exchange with Switzer- 
land information relating to (a) the design, con- 
struction and operation of the reactor and its 
use as a research tool ; (5) the health and safety 
problems in the operation and use of the reactor ; 
(c) the use of radioactive isotopes produced in 
the reactor; and (d) the power levels of the 
reactor’s operation and burn-up of reactor fuels. 
Subject to availability of supply, the A.E.C. will 
sell or lease to Switzerland such reactor materials, 
other than special nuclear materials, as are not 
obtainable on the commercial market and which 
are required in the operation of the reactor. The 
agreement is for a five-year period and shali be 
renewed automatically for another five years 
unless terminated with due notice by either 
party. 

At the expiration of the agreement the Govern- 
ment of Switzerland is to deliver to the United 
States all fuel elements or other fuel material 
leased from the A.E.C. 





NucLeaR REACTOR FOR MEDICAL Work.—Plans for 
the first atomic reactor to be built specifically for medical 
research work were announced by the U.S. Atomic 
Energy Commission on July 12th. The reactor will be 
situated in Los Angeles, at a new medical centre on the 
campus of the University of California. A building 
to house it will be built by the University, and the 
reactor itself will be built by the North American Aviation 
Corporation. It will be a low-power water boiler, 
operating at a power of SkW of heat, with maximum 
power of SOkW. It will be devoted to the medical 
treatment of patients and to the training of students 
in radiation therdpy and reactor techniques and in the 
theory of medical uses of nuclear energy. The installa- 
tion will also be a source of short-lived isotopes for ex- 
perimental biology and medicine. The A.E.C. will 
pay 75,000 dollars towards the cost of the reactor 
and will supply enriched uranium for fuel. 





Appointments 


Tue Farrey AVIATION COMPANY announces the 
appointment of Mr. J. L. Thorne as sales manager. 


THe DIsTINGTON ENGINEERING COMPANY, Lid., 
announces that Mr. J. M. L. Howell has been 
appointed sales manager (earth moving). 

Tue “‘ SHELL” REFINING AND MARKETING CoM- 
PANY, Ltd., states that Mr. J. W. Platt has been 
appointed chairman and Mr. E. Le Q. Herbert, 
managing director. 

’ MACHINERY COMPANY, Ltd., has 
appointed Mr. L. E. Watts as works’ manager of 
the Bishop’s Stortford works. This appointment 
follows the death of Mr. H. J. Hudson. 

THE BoaRD OF HorRSELEY BRIDGE AND THOMAS 
Piccott, Ltd., announces that Mr. B. Vincent Smith, 
a director of the firm’s subsidiaries, has now been 
appointed an official director of the parent company. 

Mr. J. CLEMENT, B.Sc., M.I.E.E., who recently 
relinquished the managership of the Birmi 
office of the British Thomson-Houston Company, 
Ltd., has been appointed assistant manager, home 
sales, at the head office, Rugby. 

Sir CHARLES DRUMMOND ELLIs, F.R.S., has been 
appointed scientific adviser to the Gas Council. 
This is a part-time appointment, and Sir Charles 
has also been appointed a member of the Gas Council’s 
Research Advisory Committee. 

Mr. RonaLpD E. Davie has been appointed the 
Scottish sales and service representative for A. A. 
Jones and Shipman, Ltd., Leicester, in succession to 
Mr. M. Goode, who recently joined the export staff 
and is at present in Australia. 

THE MINISTER OF SUPPLY (Mr. Reginald Maudling) 
has appointed Mr. G. W. H. Gardner, C.B., C.B.E., 
at present Director General of Technical Develop- 
ment (Air) in the Ministry of Supply to be Director 
of the Royal Aircraft Establishment, Farnborough, 
with effect from November Ist next. 

Mr.-J. SmirH, M.I.Mech.E., has retired from his 
position as managing director of Edwin Danks 
and Co. (Oldbury), Ltd., and has been appointed 
i the company. Mr. L. W. H. 
Rea, the general manager of the firm, has been 
appointed to the managing directorship. 

Mr. Ropert S. J. ANSELL has been appointed 
sales manager to the Broach Division of B.S.A. 
Tools, Ltd., at Redditch. Mr. Ansell served his 
apprenticeship with Vickers-Armstrongs, Ltd., and 
has previously held appointments with the Lapointe 
Machine Tool Company, Ltd., and the De Havilland 
Aircraft Company, Ltd. 

THe MINISTER OF HousING AND LOCAL GOVERN- 
MENT announces that Sir Thomas Sheepshanks, 
K.C.B., K.B.E., Permanent Secretary of the Ministry 
of Housing and Local Government, is retiring from 
the public service on October Ist. He will be 
succeeded by Dame Evelyn Sharp, D.B.E., at present 
Deputy Secretary of the Ministry. 

Tue SHELL PETROLEUM ComPANY, Litd., announces 
the formation of the Shell Chemical Company, Ltd., 
which will take over the activities of the Shell Chemical 
Manufacturing Company, Ltd., and Shell Chemicals, 
Ltd. Mr. F. A. C. Guépin has been appointed chair- 
man and Mr. W. F. Mitchell vice-chairman, with 
Mr. L. H. Williams as managing director and Mr. 
G. H. W. Cullinan as commercial director and 
deputy managing director, and Mr. E. Le Q. Herbert 
as executive director manufacturing. 

Dunwop SPECIAL Propucts, Ltd., announces the 
appointment of Mr. Frank G. Delahoy as technical 
sales representative for the southern area, based at 
Wembley, and Mr. John D. Banks technical sales 
representative for the northern area, based at Salford. 
Both Mr. Delahoy and Mr. Banks will be available 
in their areas for technical discussion on any of the 
products of the compositions division of the company 
particularly on polymeric emulsions for the paint, 
cement, textile and adhesive industries. 

JOHNSON AND PHILLIPS, Ltd., announces a number of 
newjappointments within the organisation. Mr. H. J. 
Olley has been made cable works manager responsible 
for both the rubber cable and paper cable works. 
In his new post Mr. Olley will be assisted by Mr. B. C. 
Brown and Mr. W. Mann, both of whom have held 
senior posts in the cable department. Mr. Brown 
becomes assistant manager of the rubber cable works, 
and Mr. Mann assistant manager of the paper cable 
works. Mr. F. J. C. Holliman, who was previously 
assistant to Mr. Olley in the employment and welfare 
department of the firm, has been appointed manager 
of this department, and Mr. E. A. Twine has been 
promoted to of the cable cost department. 


Mr. C. E. Collar, A.M.LE.E., has been made assistant 
manager of the transformer department, and Mr. 
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Personal and Business 


H. West, assistant manager of the cable estimating 
department. 

Mr. A. G. ELLiottT, formerly production controller 
of Sheepbridge Equipment, Ltd., has been appointed 
works engineer of the Chesterfield works of the Sheep- 
bridge Engineering Group. Mr. A. Wells, previously 
deputy to Mr. Elliott, has become production con- 
troller, Sheepbridge Equipment, Ltd. Mr. G. A. 
Meikle has been appointed apprentice training officer 
at the Chesterfield works. Mr. E. Dennis has been 
appointed sales manager of Automotive Engineering, 
Ltd., of Twickenham, and Light Production, Ltd. 
of Slough. Mr. E. A. Macdonell, who was southern 
area representative for Automotive Engineering, Ltd., 
of Twickenham, has been appointed sales manager 
of Clews Petersen, Ltd., of West Hampstead. 


Business Announcements 


THE POWER PETROLEUM Co., Ltd., North-Eastern 
Branch, Leeds, has moved to new offices at Bardon 
Chambers, Infirmary Street, Leeds, 1. (telephone, 
Leeds 29366.) 

THE INSTITUTION OF SANITARY ENGINEERS (In- 
corporated 1916) has changed its name to The 
Institution of Public Health Engineers. The Registered 
address, 118, Victoria Street, Westminster, London, 
S.W.1, remains unaltered. 


MACTAGGART AND Evans, Ltd., Sondes Place 
Research Institute, Dorking, Surrey, announces 
that the firm’s registered name has been changed 
to Sondes Place Research Laboratories, Ltd. The 


address and telephone number of the firm remain 
unaltered. 


SENTINEL (SHREWSBURY), Ltd., announces that the 
firm of A. H. Edmonds and Son, Pty., Ltd., 217, 
Beardy Street, Armidale, New South Wales, Australia, 
has been appointed as official distributors of Sentinel 
diesel road vehicles throughout the State of New 
South Wales. 


CABLE AND WIRELESS, Ltd., announces that Major- 
General Sir Leslie Nicholls will relinquish the post 
of chairman of the company as from January 31, 1956, 
at his own wish. When Sir Leslie announced his 
intention to retire at the annual general meeting of 
the company, he agreed to continue in office for a 
further six months, in order to give time for the 
appointment of a successor. He joined the court of 
directors in January, 1947, and was appointed 
managing director in 1950 and chairman in 1951. 


CantTiE Switcues, Ltd., announces that the follow- 
ing new branch offices have been established : 
248, West George Street, Glasgow, C.2; ’Phone 
Central 3739 (under the management of Mr. T. C. 
Paton—Scottish area manager); 32, Deansgate, 
Manchester, 3, "Phone Blackfriars 3851 (Mr. J. T. 
Jolley—manager for the north western area) ; Room 
No. 31, Sun Insurance Buildings, Collingwood Street, 
Newcastle on Tyne, 1, Phone Newcastle 29117 
(Mr. W. K. Freeman—north eastern area sales 
engineer) ; 37, Talbot Street, Nottingham (Mr. A. E. 
Royle—East Midlands area sales engineer). Another 
branch office will shortly be established at Leeds, 
under the management of Mr. N. Rayner. 


Contracts 


THE BritIsH THOMSON-HOUSTON ExPorT COMPANY 
has obtained, through A.E.I. (India), Ltd., an order 
worth approximately £300,000 for converting plant, 
d.c. switchgear, and control gear for the first stage in 
the main line electrification of the Eastern Railway 
of India. The order covers six substations and three 
track section cabins on the main line from Calcutta 
(Howrah) to Burdwan, a distance of 66 miles, and 
one track cabin at Karmarkundu, which is on the 
branch line to Tarakeswar. Low-tension switchgear 
and certain substation auxiliaries are also included, 
The converting plant consists of eight 2500kW and 
four 3000kW, 3000V, twelve-phase pumpless steel 
tank mercury arc rectifier equipments, each including 
two withdrawable truck-mounted rectifiers, an out- 
door transformer, and a control cubicle. They are to 
be installed in two triple-unit, two double-unit and 
two single-unit substations. The d.c. switchgear for 
the rectifiers, track feeders and track sectioning 
cabins comprises high-speed circuit breakers, which, 
with their associated control gear, are mounted on 
withdrawable trucks housed in concrete cells. 


MARCONI’s WIRELESS TELEGRAPH COMPANY, Ltd., 
has received an order from the Gold Coast Posts and 
Telecommunications Department for the supply and 
installation of a twin-path, twenty-four-c! (per 
path) v.h.f. radio communications service from 
Kumasi (about 280 miles north of Accra) to Takoradi, 
via Mpraeso, Koforidua, Mampong (Akwapim), 
Accra, Winneba and Cape Coast. The terminal at 
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Takoradi will be housed in a new telephone exc 
which is at present under construction by the Gold 
Coast P. and T. Authorities. The equipment yil| 
include twenty Marconi multi-channel terminal units 
type HMI105, and four Marconi multi-channe| 
repeater units, type HMI155, together with power 
supplies, ancillary equipment and spares. Some 
channels of each radio path are to be extracted a 
three points (Koforidua, Winneba and Cape Coast) 
to enable local telephone lines in those areas to be 
linked with the trunk route. At all repeater stations 
the equipment will be unattended. The aerials to be 
used will be mounted on steel towers, which in some 
instances are to be 250ft in height. This project wil] 
link with a Marconi twin-path, twelve-channel (per 
path) service between Tamale (in the north), Palbusi, 
Salaga, Prang, Abuo, Ejura, Mampong and Kumasi, 
at present under construction. In this instance one 
channel of each radio path is being extracted at 
Salaga, Prang, Ejura and Mampong. 


Miscellanea 


ALUMINIUM AND THE TEXTILE INDUSTRY.—High Duty 
Alloys, Ltd., has published a booklet illustrating the 
applications of hiduminium in the textile industry, 
aw with regard to bobbins, beams, rolls and 
reels. 

Liquid RuBBER COMPOUNDS.—We are informed by 
Lorival Plastics, Ltd., Little Lever, near Bolton, that a 
modified form of Lorival CR500, which is a liquid 
ebonite compound containing no thinners, is being used 
as a brush bristle vulcanising compound. 

LEAFLET ON COLLOIDs.—Acheson Colloids, Ltd., 18, 
Pall Mall, S.W.1, has issued a leaflet on “ dag ’’ disper- 
sions of colloidal molybdenum disulphide. is leaflet 
describes the c ristics, properties and main appli- 
cations of colloidal molybdenum disulphide and deals 
with questions of dry and fluid lubrication and metal 
cutting and includes a table of load test results. 


DEWATERING FLuips.—‘ Dewatering Fluids ”’ is the 
title of a technical publication recently issued by C. C, 
Wakefield and Co., Ltd., Grosvenor Street, London, 
W.1. The action of dewatering fluids is briefly considered 
and particulars given of the range of fluids, together 
with a tabular statement of properties. A section of the 
booklet is concerned with the application of the fluids 
and their er, in dewatering while various industrial 
uses are exami and commented upon. 

Sup STABILIsER Device.—The S Gyrosco: 
Company, Ltd., announces the development of 
Sperry ‘‘ Gyrofin’’ ship stabiliser, which consists of 
underwater fins operated by hydraulic actuators con- 
trolled by instruments which are installed on the bridge 
and measure angle of roll, rate of roll and acceleration of 
roll. The instruments, through computer techniques, 
obtain exact anti-roll forces and so control the “‘ Gyro- 
fin ’’ on the basis of fin lift rather than fin angle. 

REINFORCED PLastics.—We have received from 
Fibreglass, Ltd., St. Helens, Lancashire, a booklet on 
reinforced plastics. The publication discusses the main 
characteristics of Fibreglass reinforced plastics and 
illustrates a number of the company’s products and goes 
on to describe various moulding iques. Miscel- 
laneous properties of low alkali composition filament are 
= and tables give the i resistance of 

‘ibreglass/polyester laminates, together with the mecha- 
nical and physical properties. 

Turee 100MVA, 230KV TRANSFORMERS FOR GARRISON 
Dam ScHEeMe, NorTH DakoTa.—Three 230kV Ferranti 
transformers forming the third 100MVA bank for the 
Garrison Dam project, North Dakota, U.S.A., left the 
Ferranti transformer factory by road on July 19th for 


* shipment at Manchester Docks. Ferranti, Ltd., has now 


supplied a total of nine 33-333MVA, single-phase, 
60 c/s 13-200/230kV generator transformers forming 
100MVA, three-p banks, to the U.S. Army 
Corps of Engineers for installation in the Garrison Dam 
power plant in North Dakota, U.S.A. The total value 
of the contract is 880,000 dollars. 
oa Pe mt gee ati ee Pion 
on -speed photography wi eld in 
Leolen from tember 10 to 15, 1956. It will be 
sponsored by the Department of Scientific and Industrial 
Research and will take place at Government ices, 
Horse Guards Avenue, London, S.W.1. An_inter- 
national exhibition of high-speed photographic and 
cinematographic equipment as well as associated instru- 
ment aids used in the whole field will run concurrently 
with the congress. Those wishing to participate in the 
congress either by contributing papers or by supplying 
exhibits should contact the Congress Secretariat, Depart- 
ment of Scientific and Industrial Research, Charles 
House, 5-11, Regent Street, London, S.W.1. 

MoTOoR VEHICLE PRODUCTION AND ExporTs.—Figures 
for the first six months of 1955 issued by the Society of 
Motor Manufacturers and Traders, Ltd., show that 
production was higher than ever before at 626,498 cars 
and commercial vehicles, com; with a previous 
record of 507,666 twelve months before. Despite rail 
and dock strikes, exports also, at 278,367, numbered 
more vehicles than in any previous half-year, the value 
of these being £64,500, for cars and £41,500,000 
for co vehicles. Imports of cars by both Canada 
and U.S.A. dropped sharply, however, as did those of 

weden ; commercial vehicle sales increased ~ = 
ublic. 
Agricultural tractor exports earned £26,000, at 
nearly £450 a piece. 
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British Patent Specifications 


When an invention is communicated from abroad the name and 
address of the communicator are printed in italics. When an 
abridgment is not illustrated the specification is without drawings. 
The date first given is the date of application ; the second date, 
at the end of the abridgment, is the date of publication of the 
complete specification, ¥ 

Copies of specifications may be obtained at the Patent Office 
Sales Branch, 15, iP gs, Chancery Lane, W.C.2, 
43s, eac h. 





ELECTRICAL ENGINEERING 


732,467. December 10, 1952.—THERMALLY-OPERATED 
E_ectric Circuir BREAKERS, Joseph Lucas 
(Industries), Ltd., Great. King Street, Birming- 
ham, 19. (Inventor : Alfred Donald Prickett.) 

The invention is intended to provide in a simple form 

a thermally-operated electric circuit breaker for use 

more particularly on a road vehicle, aircraft or the 

like instead of a conventional protective fuse. 

Referring to the drawing, the base piece A is made 

from a metal sheet, the side parts of which are bent 

up at right angles to form a trough of rectangular 
section, and the free edges of the trough are shaped 
to provide a pair of grooves B disposed parallel with 
each other. The terminal-carrying member C is 
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made from a piece of insulating material shaped to 
an oblong form, the side edges D of this member 
being stepped, so that they can be slid longitudinally 
into engagement with the grooves B in the base piece 
A. For securing the parts A and C against accidental 
relative displacement in the longitudinal direction, 
each of the side edges of the member C has formed 
in it a notch for engagement by an indentation E in 
the associated groove B of the part A. Adjacent to 
the opposite ends of the insulating member C are 
secured a pair of circuit terminal posts F and G, 
extending from the outer side of the member. The 
inner end of the post F serves as, or has secured to it, a 
fixed contact piece H. To the inner end of the post G 
is secured one end of a bimetal or other thermally- 
deformable blade J, which at its free end carries the 
movable contact piece K for co-operating with the 
fixed contact piece H. As shown in the drawing, the 
inner end of the post G and the associated end of the 
blade J are flanked by cheeks L depending from and 
formed integrally with the part C. The blade J and 
associated contact pieces lie within the trough of the 
base piece A and are protected by them. Moreover, 
as the ends of the trough are open air can flow freely 
therethrough and effect a cooling action on the blade. 
Normally the switch is closed, but in the event of an 
overload the thermal deformation of the blade 
separates the contact pieces and so opens the asso- 
ciated circuit. By the invention a satisfactory sub- 
stitute for a conventional protective fuse is provided 
in a very simple and robust form.—June 22, 1955. 


733,030. April 15, 1953.—COMMUTATORS FOR 
DyYNAMO-ELECTRIC MACHINES, Rotax, Ltd., 
Chandos Road, Willesden, London, N.W.10. 
(Inventor :. Sidney Lucas.) 

The object of the invention is to enable a com- 
mutator to be provided in a very simple form’ for use 
in an electric generator or a motor. Referring to the 
drawing, there is provided any desired number of 
copper segments A, each of which has its inner edge 
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shaped to a dovetail or like form. For engagement 
with one end of the segments there is provided a 
ting B secured to the rotor spindle C of the machine. 
Alternatively this ring may be formed on the spindle. 
Another ring D for engagement with the other ends 
of the segments is internally screw threaded for 
engagement with a screw thread on the end of the 
spindle. Also electrical insulating washers E are 
inserted between the rings and the ends of the seg- 
ments. When the segments are in position their 


inner edges are separated from the spindle by an air 


THE ENGINEER 


space F or an insulating bush. The side faces of the 
segments are insulated from each other by any con- 
ventional manner. The segments are secured in 
position between the rings by tightening the screw- 
threaded ring on the spindle.—July 6, 1955. 


INTERNAL COMBUSTION ENGINES 


732,856. March 3, 1953.—DieseL ENGINES WITH 
OVERHEAD VALves, Arthur Freeman Sanders, 
Redinnick House, Penzance, Cornwall. 

The invention relates to an air-cooled diesel 
engine, particularly to an engine for use in a motor 
cycle. For such an air-cooled engine it is advan- 
tageous to use relatively large valves. The invention 
is characterised in that the arithmetic sum of the 
diameters of the heads of the valves (plus the necesary 
clearance in the appropriate direction between the 
valve heads) is large enough to be of greater width 
than the cylinder diameter, in consequence of which 
the cylinder is recessed at the combustion end as 
necessary so as to allow the valves their full designed 
lift. In the construction shown in the drawing the 
cylinder A, provided with cooling fins B, extends well 
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into the cylinder head C. The main combustion 
space, when the piston is at the combustion end of 
the cylinder, as shown in the left-hand view, is offset 
to one side of the cylinder bore, its centre lying on a 
diametrical line of the cylinder which is substantially 
at right angles to the common central plane of the 
valves. This combustion space is shown as including 
a part-spherical space D arranged entirely at the end 
of the cylinder bore, and joined to a recessed portion 
E at the side of the cylinder bore. The opening F is 
to receive a fuel injection nozzle. The cylinder head 
is provided with cooling fins G. With such a con- 
struction the spigotal extension H of the cylinder 
has a port J at the combustion chamber end to pro- 
vide access between the recessed portion E of the com- 
bustion chamber and the cylinder bore. The draw- 
ings show the cylinder end adjacent to the valves as 
being milled away at K, as necessary, to enable the 
valves to have their full designed lift, as shown by 
the chain lines in the right-hand view. The arithmetic 
sum of the diameters of the heads of the valves is 
large enough jointly to be of greater width in the 
appropriate direction, together with the necessary 
clearance L between them, than the piston diameter. 
The piston, when at the combustion end of the 
cylinder bore, as shown on the left, has its com- 
pression rings M positioned so as to engage the 
surface of the spigotal extension H, the group of 
compression rings preferably being near the middle 
of the spigotal extension in these conditions. With 
such a construction the valves are prevented from 
falling into the cylinder unless the heads break off at 
the combustion end of the associated guides. If 
desired, the exhaust valve may have a greater lift 
than the inlet valve, or vice versa, and it may, of 
course, be of different size from the inlet valve.— 
June 29, 1955. 


GAS TURBINES 


733,351. March 25, 1952.—HeaT EXCHANGER, 
Ferdinand Porsche, personally responsible part- 
ner of Dr.-Ing. H.c.F. Porsche Kommandit- 
gesellschaft, Neckarsulmer Strasse 85, Stuttgart- 
Zuffenhausen, Germany. 

The invention-relates to a heat exchanger for gas 
turbines which are provided with one or more fuel 
combustion chambers, and passages to provide air 
to each combustion chamber. It is claimed that 
substantial economy can be effected in space and 
constructional parts if the heat exchanger containing 
passages for the combustion gases coming from the 
combustion chamber and separate s for air 
surrounds the combustion chamber helically, whereby 
the exchange of heat is increased. The insulation of 
the heat exchanger is further reduced to a minimum or 
can be entirely dispensed with. An annular air gap 
may be provided between the wall of the combustion 
chamber and the annular heat exchanger, which 
surrounds the wall of the combustion chamber 
directly and cools it to a temperature which is much 
below the temperature of the core of the gas stream 
whereby the life of the combustion chamber is 
increased. A sheet iron wall may also be provided 
in the annular air gap, between the wall of the com- 
bustion chamber and the heat exchanger, in order to 
further prevent heat radiation on to the heat 
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exchanger. The drawing illustrates one example of 
construction of the heat exchanger according to the 
invention. The gas turbine may comprise one or 
more combustion chambers, one only being shown in 
the drawing. The combustion chamber has a wall 
A which is surrounded by a heat exchanger B com- 
prising a rectangular tube having several rectangular 
passages C and D, extending lengthwise through it, 
seven being shown. This tube B is wound helically 
around the combustion chamber and is enclosed in a 
casing E. The internal diameter of the heat exchanger 
is larger than the outer diameter of the combustion 
chamber, whereby an air gap F is left around the 
chamber. At each end of thecasing E there is secured 
a cover G and H, respectively, which enclose the 
combustion chamber and the heat exchanger. In this 
way, a long path and large heat transfer areas are 
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provided. Air compressed by a blower flows through 
the connecting pipe J into the heat exchanger 
and through the alternate passages—for instance, 
C in it helically around the combustion chamber 
and enters the combustion chamber at K. A 
pipe L then leads from the combustion chamber 
to a charging and consuming turbine which is 
driven by the combustion gases. ,The exhaust 
gases are then led through the connecting pipe M 
into the heat exchanger, and pass through the inter- 
mediate passages D in the heat exchanger. The gases 
then leave at right angles to the plane of the drawing 
through a connecting pipe N. In order to prevent 
heat radiation on to the heat exchanger, a sheet iron 
cylinder may be provided in the air gap between the 
wall of the combustion chamber and the heat 
exchanger. In this way, an insulating film of air is 
produced between the sheet iron cylinder and the 
wall A of the combustion chamber and between the 
sheet iron cylinder and the heat exchanger B. Ina 
gas turbine in which a number of combustion 
chambers are provided, each one of them may be 
surrounded by a heat exchanger.—July 13, 1955. 


RAILWAY ENGINEERING 


733,587. July 23, 1953.—DeEvicEs FOR FASTENING 
RAILWAY AND LIKE RAILs TO SLEEPERS, Dussel- 
dorfer Eisenhuttengesellschaft, Ratingen, near 
Diisseldorf, Germany. 

The invention relates to a device consisting of a 
screw and a wooden plug for fixing railway and like 
rails to concrete sleepers or similar supports in which 
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the screw engages the rail or a part connected to the 
rail. Referring to the drawing, in the concrete 
sleeper A is embedded a plug B of hard wood, such 
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as beech, having a circumferentially indented outer 
surface in order to ensure that it is firmly embedded 
in the concrete. The plug has a bore C with a helical 
head thread D of smoothly rounded profile into 
which the screw E is screwed. The sleeper screw E 
has a helical thread F of slightly greater diameter 
than the thread D of the bore in the plug. The sleeper 
screw is slightly tapered towards its free end. The 
right-hand views show thread-tapping tools G and H 
of different profiles which do not form part of the 
invention, but which, when used successively, are 
one means of threading the bore in the plug. By 
means of these or other similar tools, of suitable 
form, bores can be threaded, the threads being 
reduced in depth or in width or in both towards the 
lower end of the bore.—July 13, 1955. 


MEASURING AND TESTING APPARATUS 


733,348. March 1, 1952.—APPARATUS FOR TESTING 
CONTAINERS FOR GAS-TIGHTNESS, The Infra Red 
Development Company, Ltd., 11, Broadwater 
Road, Welwyn Garden City, Hertfordshire. 
(Inventor : William Barrow Bartley.) 

Hermetically sealed vessels are needed for many 
purposes, and it is of value to be able to ascertain 
speedily whether a vessel satisfies any predetermined 
standard of gas-tightness. Two forms of apparatus 
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suitable for carrying out the method of test described 
in the invention are shown in the drawing. For the 
case in which apparatus is to be hermetically sealed 
in a container, a convenient testing apparatus is 
shown in the upper view. It consists of a number of 
bellows-like or otherwise collapsible chambers A, 
each of a size to receive one of the containers to be 
tested, and each connectable through a cock B with 
the gas analyser C. The containers D to be tested 
are filled with nitrous oxide or other gas to a pressure 
of, say, 5lb per square inch above atmospheric 
pressure, and are placed one in each chamber. After 
an interval each chamber A is connected in turn to the 
analyser C, and its content of gas estimated by reduc- 
ing the volume of the bellows and so transferring a 
definite fraction of its contents to the test compart- 
ment of the analyser. The skirt E upon the top plate 
of the bellows is a convenient means of defining by 
its abutment on the bottom plate the volume of gas 
expelled. The dial F of the analyser may be graduated 
in rates of leak or otherwise as desired. The interval 
allowed for leakage divided by the time taken to make 
the test and exchange the container under test, indi- 
cates the number of chambers which may usefully 
be provided with each analyser. Alternatively, as 
indicated in the lower view, the chambers G may be 
rigid, and after a container D filled to atmospheric 
or other pressure with the test gas has been placed 
in a chamber, the chamber may be evacuated by 
temporary connection through a cock H to an 
exhaust pump. After an interval for leakage, the 
chamber is connected as above to the test compart- 
ment of the analyser C, and thus through a cock J 
to an exhaust pump, so that a part of any gas which 
has leaked is drawn into the analyser. Leaks may be 
located by connecting the test compartment of the 
analyser to an exhaust pump, and to a probe suction 
nozzle which can be moved over the surface of a 
container filled with the test gas. —July 13, 1955. 





Technical Reports 
Analysis of Symmetric Cylindrical Shells—Iits 


Application to Civil Engineering Design. By J. 
McNamee, Ph.D. H.M. Stationery Office. Price 
12s. 6d.—An account of the theory of thin cylindrical 
shells for those who are approaching the subject for 
the first time is given in this report. The application 
of the theory to the stress analysis of reinforced con- 
crete structures is illustrated by detailed numerical 
examples. Thin-shell roof construction has developed 
rapidly and is now generally accepted as a specialised 
structural form capable of providing large well- 
lighted floor areas uninterrupted by load-bearing 
columns. There is an extensive engineering literature 
on shell construction, but much of it is written by 
specialists for specialists. The present report is 
claimed to provide a comprehensive account of the 
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elements of the theory, and the analysis is carried up to 
the point where it can be used to determine numerical 
values for the stresses in shell roofs. Thin shell 
analysis is not an entirely new discipline and yet it 
does not form part of the accepted body of engineering 
theory. The author has developed the theory of shells 
by using (and generalising) concepts of beam and 
slab analysis with which engineers may be presumed 
to be familiar. The report is cast in lecture form. 
The lectures were originally given at Liverpool 
University and are now published to make them 
available to a wider audience. 


The Measurement of Power Loss at Temperatures 
up to 100 deg. Cent. and Frequencies up to 100 Mc/s 
(Ref. L/T282). By E. Rushton and G. Russell. 
The British Electrical and Allied Industries Research 
Association, Thorncroft Manor, Dorking Road, 
Leatherhead, Surrey. Price 7s. 6d. Postage 3d.— 
The Hartshorn-Ward equipment for dielectric 
measurements on solid insulating materials over the 
frequency range 10 kc/s to 100 Mc/s has been adapted 
for measurements over the same frequency range at 
temperatures up to 100 deg. Cent. The copper plates 
between which the sample of material is placed have 
been provided with heating elements which are 
embedded in them, and the temperature of each 
plate is measured by means of a thermocouple. The 
procedure is the same as that for the standard Harts- 
horn-Ward equipment. The standard capacitor 
formed by the copper plates is calibrated at a low 
frequency and at four temperatures in the range and 
the capacit and power factor of the sample at the 
various temperatures are measured by substitution 
in terms of this calibration. 


Further Improvements to the Vacuum Torsion 
Balance and Sorption Measurements on Polystyrene 
(Ref. L/T292). By A. G. Day, B.Sc. The British 
Electrical and Allied Industries Research Association, 
Thorncroft Manor, Dorking Road, Leatherhead, 
Surrey. Price 10s. 6d. Postage 3d.—Descriptions 
of the means used to improve the accuracy of the 
balance are given; they include more accurate 
calibration and removal of the over-shoot mentioned 
in report Ref. L/T256 by reducing the radiometric 
forces acting on the specimen. Sorption measure- 
ments made on polystyrene at 50 deg. Cent. and up to 
9-4mm of mercury water vapour pressure have been 
repeated with greater accuracy and extended to 
enable surface sorption to be estimated. Diffusion 
coefficients calculated from the sorption-rate curves 
are some 1000 times smaller than those calculated 
from sorption and permeability constant measured 
by Thomas and Gent (Ref. A/T92), indicating that 
Fick’s law does not fully explain the sorption in 
polystyrene. 


Artificial Lighting for Plant Growth (Ref. W/T31). 
By A. E. Canham, M.Sc.(Eng.). The British Electrical 
and Allied Industries Research Association, Thorn- 
croft Manor, Dorking Road, Leatherhead, Surrey. 
Price 1s. 6d. Postage 3d.—Light is one of the major 
factors controlling plant growth. By the appropriate 
use of artificial light greater control over the growth 
and development of plants is possible. It is a complex 
subject and in this paper the effects of different light 
conditions are discussed. Applications of artificial 
light in research and commercial horticulture are also 
considered, together with the merits of different light 
sources for these purposes. 





Launches and Trial Trips 


KyYLIx, oil tanker ; built by the Netherlands Dock and 
Shipbuilding Company for N.V. Petroleum Maat- 
schappij “ La Corona,” The Hague; _ length overall 
170m, length between perpendiculars 161-54m, breadth 
moulded 21-llm, depth 11-89m, draught 8-99m, 
deadweight 18,000 tons ;_ thirty-three cargo oil tanks, 
speed 144 knots; one set of steam turbines of 8300 
s.h.p., built by N.V. Werkspoor, two Babcock and Wilcox 
boilers.—Launch July 9th. 

PHaros, lighthouse tender; built by the Caledon 
Shipbuilding and Engineering Company, Ltd., for the 
Commissioners of Northern Lighthouses ; length 
overall 257ft, length between perpendiculars 235ft, 
breadth moulded 40ft, depth moulded 19ft 6in, service 
draught 13ft, speed 14 knots ; forward hold for buoys ; 
one 15-ton, one 6-ton and two 3-ton derricks, electric 
deck machinery ; accommodation for commissioners 
and lighthouse keepers; three 90kW diesel-driven 
generators ; two seven cylinder, two cycle, single-acting, 
* Polar ’’ diesel engines, each of 985 b.h.p. at 220 r.p.m.— 
Trial July 12th. 


GEORGINA V. EVERARD, coaster ; built by the Goole 
Shipbuilding and Repairing Company, Ltd., for F. T. 
Everard and Sons, Ltd.; length 285ft, breadth 42ft, 
depth 19ft 3in, deadweight 3243 tons ; Newbury diesel 
engine, 1600 b.h.p. at 250 r.p.m.—Trial July 14th. 

EuPHRATE, cargo liner ; built by the Forges et Chan- 
tiers de la Méditerranée, at La Seyne, for the Messageries 
Maritimes ; length overall 460ft 8in, length between 
perpendiculars 443ft 3in, breadth moulded 60ft 8tin, 
depth to shelter deck 38ft 1lin, draught loaded 25ft 7in, 
deadweight 8300 tons, gross tonnage 6600; twelve 
pesemnenre ; three complete decks, six water-tight 

ulkheads, four holds, one 100-ton, six 10-ton and six 
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3-ton derricks, electric deck machinery ; three 250kw 
diesel-driven generators, one 30kW diesel-driven gene. 
rator; s 164 knots ; two Sulzer diesel engines 
built at the Havre works, six cylinders, 720mm diamete; 
by 1250mm stroke, each 4200 b.h.p. at 125 r.p.m,. 
two forced circulation exhaust gas boilers, one oikined 
boiler.—Trial July. 

Iripina, oil tanker, built by the Chantiers de |g 
Ciotat for the Société Maritime Shell ; length overal 
553ft Sin, length between perpendiculars 530ft, breadth 
moulded 69ft 3in, depth 35ft, deadweight 18,300 tons : 
loaded service s + knots ; steam deck machinery : 
two 550kW turbo-alternators, one 200kW diesel-driven 
alternator ; one set of Parsons geared turbines built 
by the Forges et Chantiers de la Méditerrance, 7599 
s.h.p. at 100 propeller r.p.m., or 8250 s.h.p. at 103 
propeller r.p.m., two water-tube boilers. —trial July, 

Gopavery, cargo liner; built by the Chantiers de 
Provence, Port-de-Bouc, for the Messageries Mari. 
times ;_ length overall 488ft 4$in, length between per. 
pendiculars 467ft 8in, breadth moulded 61ft 8in, depth 
to shelter deck 38ft llin, draught loaded 25ft 7in, dead. 
weight 8300 tons, load displacement 14,079 tons, speed 
16 knots ; six passengers ; three complete decks, five 
holds, one 60-ton, one 30-ton, four 10-ton and ten 5-ton 
derricks, electric deck machinery, three diesel-driven 
generators ; one Schneider-B. and W. single-acting, 
two stroke diesel engine, 8300 b.h.p. at 118 r.p.m.— 
Trial, July. 

LANNION, cargo ship; built by the Chantier de 
Normandie at Grand-Quévilly ; length overall 438ft 2in, 
length between perpendiculars 413ft 6in, breadth 
moulded 56ft Ijin, depth 34ft, draught loaded 23ft, 
deadweight 7700 tons, gross tonnage 4700, service speed 
134 knots; six holds, one 15-ton and eleven 5-ton 
derricks, electric deck machinery ; one 150kW turbo- 
generator, three 100kW diesel-driven generators, one 
vee turbine built by the Chantier et Ateliers de 

aint-Nazaire Penhoét, 3500 s.h.p. ; steam supplied at 
525 Ib per square inch and 750 deg. Fah. by two Penhoét 
boilers.—Trial July. 

FRONTENAC, cargo liner ; built by the Chantiers et 
Ateliers de Provence for the Fabre Line, Marseilles ; 
length overall 451ft 1?in, length between perpendiculars 
421ft 7in, breadth moulded 60ft 1}in, depth to shelter 
deck 36ft Sin, draught 25ft, deadweight 7200 tons, 
displacement 11,800 tons, service speed 16} knots; 
eight passengers ; two complete decks, five holds, one 
40-ton, one 20-ton, four 8-ton and ten 5-ton derricks, 
electric deck machinery; four 180kW diesel-driven 
generators ; one Sulzer single-acting, two stroke diesel 
engine built by the Forges et Chantiers de la Méditer- 
ranée at Le Havre, eight cylinders, 800mm diameter by 
1550mm stroke, 6400 b.h.p. at 110 r.p.m. or 8000 b.h.p. 
at 118 r.p.m.—Trial July. 


JEANNE SCHIAFFINO, cargo ship ; built by Chantiers 
Dubigeon for Messrs. Schiaffino, Société Algeriene de 
Navigation ; length overall 261ft 2in, length between 
perpendiculars 238ft 6tin, breadth moulded 38ft Sin, 
depth 2ift 10in, draught 15ft ljin, deadweight 1450 
tons, speed loaded trials 13} knots ; two complete decks, 
biped masts; one M.A.N. single-acting, four stroke, 
supercharged diesel engine, eight cylinders, 1500 b.h.p. 
at 265 r.p.m.—Trials July. 





Catalogues 


GeorGE KENT, Ltd., Luton.—Publication No. 956/ 
355, describing and illustrating the Kent Multelec CO, 
recorder. 

ALEXANDER DUCKHAM AND Co., Ltd., Hammersmith, 
London, W.6.—Publication entitled ‘“*A Guide to 
Industrial Lubrication.” 

_BROADWAY EQUIPMENT, Ltd., Parway House, 194-196, 
Finchley Road, London, N.W.3.—Leaflet on Broadway 
benches by the foot run. 

SALFORD ELECTRICAL INSTRUMENTS, Ltd., Peel Works, 


_ Silk Street, Salford, 3, Lancs.—Booklet describing 


G.E.C, quartz crystal units. 

INTERMIT, Ltd., 37, Bradford Street, Birmingham, 5.— 
Catalogue covering the manufacture of filters, strainers, 
ventilators and light pressings. 

GENERAL ELECTRIC COMPANY, Ltd., Magnet House, 
Kingsway, London, W.C.2.—Publication ‘“ G.E.C. 
Moulded Plastics for Industry.”’ 


ACHESON COLLOIDS, Ltd., 18, Pall Mall, London, 
S.W.1.—Leaflet entitled “‘ A List of ‘ Dag’ Dispersions 
of Collodial Graphite and Other Solids.”’ 

UNITED STEEL STRUCTURAL COMPANY, Ltd., Froding- 
ham Works, Scunthorpe, Lincs.—Booklet on castellated 
construction incorporating Castella beams. 

W. T. HENLEY’s TELEGRAPH Works ComPANy, Lid., 
51/53, Hatton Garden, London, E.C.1.—Catalogue R, 
covering the range of V.R. insulated cables. 


MATLING, Ltd., Floor Maintenance Division, Fallings 
Park, Wolverhampton.—Leaflet describing the Matling- 
Cowland Saturn 2 ride-on combination machine. 

A. REYROLLE AND Co., Ltd., Hebburn, Co. Durham.— 
Pamphlet No. 1281, type JKSS ring main switch and 
tee-off fuse switch unit for service at up to 11kV. 

MEASURING INSTRUMENTS (PULLIN), Ltd., Electrics 
Works, Winchester Street, Acton, London, W.3.— 
Leaflet covering the Pullin series 100 multi-range test set. 

THE EXPANDED METAL ComPANY, Ltd., Burwood 
House, Caxton Street, Westminster, London, S.W.1.— 
Brochure listing the range of “‘ Expamet”’ expanded 
aluminium. 

WHITTAKER, HALL AND Co. (1929), Ltd., Black Lane 
Engineering Works, Radcliffe, Manchester.—Catalogues 
describing friction clutches, rotary compressors and 
vacuum pumps, centrifugal blowers and exhausters, 
and flexible couplings. 





